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REPORT. 

To  the  Hoiwrahlc  tlu'  Bonn]  of  (SroJogind  Sarrcy  of  ihr  State  of  Mich- 
igan; 

Gov.  P'rkd  M.  Warner  President. 

Hon.  D.  M.  Ferry  Jr.^  A'ice-Piesident. Hon.  Iv.  T^.  Wright.  Secretary. 

Gentlemen:—!  beg  to  present  herewith  this  uiy  tenth  report  for  the 
fiscal  year  from  July  1.  1907,  to  June  30,  1908,  inclusive,  and  lor  the 

field  season  of  1908.  ' 
FIXAXCES. 

The  following  is  the  usual  statement  of  expenditures  from  the  annual 
appropriation : 

July      
August   
September     
October      
November     
December   
January    
February     
March      
April     
May     
June     

Salaiy. 
FMd. 

Office. Total. 

fSGo.no 1106.28 128.49 1701.57 673.47 395.78 58.19 1.127.44 
453.00 125.25 48.61 (526.86 
059.26 468.09 18.30 1,145.65 
399.21 50.14 47.94 497.29 
460.73 4.82 33.29 498.84 
427.90 8.38 63.16 499.44 
599.40 6 .  51 85.59 691.20 410.30 1.45 59.93 471.68 
510.70 50.80 

561.50 410.40 4.48 24.95 439.83 
654  80 27.77 56.43 739.00 

Total             16.225.67        -f  1,198. 95  -f 575. 38        |8,,000.00 

In  addition  to  this  we  had : 

For  year  1907-8.  |3,000.00.    Ral.  remaining  Nov.  1,  1908,  fO.Ol. 

For  year  1908-9,  |1, 000.00.     lial.  remaining  Nov.  1,  1909,  |224.9:',. 
With  this  the  Milford  and  Howell  quadrangles  have  been  completed  and 

the  Mason  quadrangle  beg-un,  bringing  the  survey  up  to  the  Agricultural 
College.  The  Calumet  Special  has  been  continued,  but  practically  with- 

out special  aid  from  the  fund  for  joint  topographic  sui'vey,  but  rather 
in  appreciation  of  the  international  importance  of  McNair's  and  Hay- 
ford's  work  on  gravity. 
Owing  to  the  United  States  and  State  using  different  salary  tables 

for  fractional  parts  of  a  month    (producing  friction  out  of  all  propor- 
1 
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tioii  to  the  few  cents  involved  i  the  two  statements  are  not  precisely  the 
same. 

The  $1,0U().()()  toi-  the  biological  snrvey  has  been  exijended  mider  the 
charge  of  A.  G.  Kuthven.  Chief  Field  Naturalist  of  your  Board,  mainly 
in  Hui'ou  county. 

Balance  remaining  Nov.  1,  1908,  f 214.66. 
On  Nov.  1st  there  remained  in  the  current  appro])riation  for  lOOS-9, 

14,666.85. 
rUBLICATIOXS. 

At  present  practically  the  sole  official  publication  of  the  Board  is  its 
annual  report. 

The  report  for  1007,  Ihe  text  of  which  is  all  ]>rinted,  ff^ntains: 
My  executive  report  with  notes  on  ]>eat.  coal,  lime  and  cement. 
A  report  on  molding  sands  by  Ries  and  Rosen. 
A  popular  account  of  the  surface  geology  of  the  state  as  a  whole,  with 

(as  Plate  XII  of  the  same)  a  map  covering  the  Lower  Peninsula.  This 
plate  was  authorized  bv  the  Slate  Board  of  Auditors  only  on  November 
25th. 

A  report  on  the  geology  and  biology  of  "Walnut  Lake,  a  lake  accessible 
to  a  large  population  and  an  attractive  spot  for  nature  study.  Its  study 
has  also  furnished  a  clew  to  the  distribution  of  whitefish  in  our  smaller 
lakes. 

A  special  edition  of  maps  of  the  surface  geology  of  the  Lower  Penin- 
sula has  been  asked  for  by  The  Agricultural  College  people  and  a  map  of 

the  Ontonagon  county  mining  district  (the  region  of  the  Mass,  Adventure. 
Michigan,  Lake  and  other  properties)  Avas  of  current  interest.  But 
owing  presumably  to  the  condition  of  the  state  treasury,  the  Board  of 
Auditors  did  not  see  fit  to  authorize  them.  With  your  consent  the  use 
of  this  latter  map  for  re]jroduction  was  offered  to  the  public  press  and 
through  the  Hancock  Evening  Copper  Journal  the  firm  of  Gay  &  Stur- 
gis  issued  an  edition  of  the  same.  The  conditions  were  that  the  edition 
was  for  gratuitous  distribution  and  that  a  part  of  the  same  was  fur- 

nished our  office  without  the  advertising  matter  which  they  naturally 
ran  to  pay  the  expense.  The  distribution  was  certainly  more  effective 
than  a  state  publication  could  liave  been,  and  saved  our  office  ranch  time 
and  ])ostage.  No  criticism  has  been  received  and  it  seems  better  that 
our  work  should  be  promptly  published  thus  than  be  prolonged  until  out 
of  date,  even  though  the  form  of  publication  is  hardly  dignified. 

Other  publications  i-eyarding  or  including  our  work  are  as  follows: 

A.  C.  Lane :  ^
  ' 

Statement  to  Citizens"  Committee  regarding  Saginaw  water  supply;^ 
statement  regarding  the  results  of  molding  sand  work  of  Rosen;-  letter 

on  mine  waters ;"  notes  on  Ann  Arbor  Folio  ;*  genetic  connection  of  cer- 
tain granitic  dikes ;'^  the  ophitic  texture j"*  mine  waters  (which  contains  a 

large  number  of  analyses'"'  by  various  authors)^: 
•I'p.   27-28  of  their   Proeeedines.   and   Saginaw  dailv  papers.   Jan.   16-lf).   190S. 
^Lansing  Journal,   Jan.   23,   1908,  and  other  papers." 
^Calumet   News.   April    IK,    1008,   and  other  Houghton   and   Keweenaw   county  papers. 
"Michigan   Miner.   Mav.   1908. 
"^Bull.  Geol.   Soo,  of  America,  1908,  pp.  644-648. 
«Proceedings  Lake  Superior  Mining   Institute,   Vol.  XIII.   pp.  6o-l.">2. 
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W,  F.  Cooi)ei':  Michigan  Topographic  Surveys,^  Pleistocene  Beaches 
of  Saginaw  county,-  the  Sagina\v-(Jran(l   Ship  Canal.'' 

A.  \V.  Graban  and  others   {V\\  Jl.  Sliciv-er). 

NcAv  Tapper  Siluiic  Fauna  from  Southern  Michigan  with  W.  H.  Sherzer, C.  S.  Piosser,  A.  C.  Lane. 

Nomenclature  and  Subdivision  of  the  l^pi)ei'  Sihnic  strata  of  Michi- 
gan, Ohio  and  Western  New  York.* 

WOllK   READY   FOR   PUBLICATION'. 

There  have  been  handed  in,  readv  with  a  little  revision,  for  the  report 
of  the  Board  for  190S: 

A  report  on  Mt.  Bohemia,  by  F.  E.  Wright. 
A  report  on  the  Development  of  Mining  Machinery  and  the  Geological 

Factors  Therein,  A.  H.  Meuche. 
A  report  on  the  Ecology  of  Isle  Royale,  by  Chas.  C.  Adams. 
A  report  on  the  Algonquin  Beaches  of  Lake  Huron,  by  W.  M.  Gregory. 
A  report  on  the  Monroe  Group  in  Southern  Michigan,  the  group  of  the 

strata  traversed  by  the  new  salt  shaft,  by  W.  H.  Sherzer  and  A.  W. 
Grabau,  may  perhaps  be  included. 

While  a  large  mass  of  data  regarding  the  copper-bearing  rocks  has 
been  accumulated,  publication  in  ollScial  channels  seems  to  meet  the 
needs  of  those  interested  and  the  size  and  expense  of  the  annual  reports 
seems  to  be  noM'  more  than  the  Board  of  State  Auditors  will  stand ! 

With  modern  methods  of  typesetting  and  preparing  copy,  the  com- 
positor is  getting  to  be  a  part  of  a  mere  machine  for  turning  typewTitten 

copy  into  leaden  slugs.  The  old  fashioned  compositors  and  proof-readers 
who  knew  more  of  composition  and  spelling  than  most  authors  are  be- 

coming extinct.  The  demand  is  becoming  more  and  more  insistent  that 
the  typewritten  copy  shall  be  letter  perfect.  Again,  the  demand  of 
engineers  for  large  scale  maps  can  be  as  cheaply  met  for  small  editions 
of  500  or  so  by  blue  prints  or  brown  prints  from  Van  Dyke  negatives. 

Finally  the  ease  with  which  photographs  can  nowadays  be  taken,  and 
the  widespread  familiarity  with  the  simple  technique  required,  favors 
the  transmission  with  each  report  of  a  lot  of  photographs.  These  are 
not  all  iirst-class  photographs,  nor  such  as  reproduced  by  the  half  tone 

process  will  e'xplain  much  or  add  materially  to  conclusions  of  the  report. In  many  cases  pen  and  ink  sketches  would  really  illustrate  better.  Yet 
they  are  not  without  value  as  unimpeachable  witnesses  to  the  condi- 

tions and  facts  mentioned  in  the  report.  It  is  important  that  the  origi- 
nal data  upon  which  a  scientific  investigation  is  based  should  be  accessi- 
ble and  on  file  for  certain  specialists.  But  the  circle  of  these  is  limited 

compared  with  those  who  are  interested  in  and  can  understand  only  the 
conclusions. 

It  is  a  question  whether  the  time  is  not  at  hand  when  authors  can 
give  their  reports  a  winnowing  process  before  publication  whereby  the 
complete  report  with  all  data  shall  be  typewritten  in  as  many  copies 
as  convenient,  with  all  the  photographs  and  prints  of  the  illustrations 

'Michigan   Engineer  for  1907. 
-Tenth  report  Michigan  Academy  of  Science. 
-Michigan   Miner,   Noveuiber.    1908. 
^Bull.    Geol.    Soc.   Am.    (1908),   pp.    540-55G. 

2 
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full  size,  while  ouly  certain  chapters  embodying  the  conclusions,  the 
data  of  wide  interest,  and  a  selection  of  the  illustrations,  and  maps  on  a 
relatively  small  scale  are  published,  icith  a  reference  to  the  fact  that 
fuller  (lata  may  he  obtained  hi/  tJwse  interested. 

COOPERATION. 

We  have  continued  the  policy  of  co-operation  with  the  agencies  and 
individuals  studying  the  natural  resources  of  the  state  listed  in  my  last 
report.  And  in  addition  the  new  work  of  the  Board  of  Health,  that  of 
water  testing  under  State  bacteriologist  Dr.  M.  L.  Holm,  has  been  a 
gTeat  help  to  us.  The  laboratory  oflSce  is  on  the  same  floor  as  that  of 
mine  in  Lansing.  He  has  made  at  our  request  a  number  of  tests  of 
waters  which  are  or  might  be  used  for  water  supply,  the  results  of 
which  are  of  use  to  us,  and  for  which  our  thanks  are  due  to  him  and 
to  Dr.  F.  W,  Shumway.  Secretary  of  the  Board. 

In  one  case  a  geological  fault  in  the  strata  seems  to  be  indicated  by 
the  character  of  the  waters  on  the  two  sides. 

It  is  also  true  that  a  number  of  things  more  or  less  depended  upon 

by  chemists  as  guides  to  the  safet}'  of  the  waters  such  as  chlorine, 
nitrates,  nitrites,  ammonia,  etc.,  can  only  be  thus  used  with  due  regard 
to  the  geological  conditions,  and  this  is  especially  true  in  Michigan.  Dr. 
Holm  feels  this  quite  strongly.  Thus  our  intercourse  has  been  of  mutual 
help,  and  such  water  testing  work  should  only  be  done  in  close  co-oi^era- 
tion  with  competent  geological  advice. 

WATER. 

We  agree  that  unfiltered  surface  water  is  not  a  desirable  city  supply. 
Under  that  head  we  also  include  waters  of  the  Great  Lakes. 

In  comparing  surface  water  and  artesian  water  the  fact  that  the 
latter  is  usually  harder  and  causes  the  use  of  more  boiler  compound  and 
soap  or  separate  soft  water  systems,  should  by  no  means  be  forgotten. 
The  saving  of  the  hard  water  which  may  readily  amount  to  a  cent  a 
thousand  gallons  for  large  and  important  uses,  may  pay  for  the  cost  of 
adequate  filtration  of  soft  water.  At  any  rate  it  will  go  a  long  way 
toward  it.  One  important  exception  to  the  harder  character  of  artesian 
water  is  the  relatireli/  soft  water  that  can  he  ohtaincd  from  the  Potsdam 
{Lake  Superior)  sandstone,  by  the  toAvns  along  Green  Bay\,  which  have 
thus  no  excuse  for  their  high  typhoid  rate. 

WORK    OF    THE    YEAR. 

The  State  Geologist  has  several  times  been  called  upon  for  advice  re- 
garding water  works,  and  has  made  one  special  trip  to  Saginaw.  With- 

out usurping  the  field  of  the  Board  of  Health  or  the  hydraulic  engineer, 
we  have  tried  to  give  that  class  of  help  for  which  we  may  naturally  be 
asked. 

Most  of  his  time  has  been  spent  in  examining  specimens  sent  in  and 
reporting  their  nature.  The  bulk  of  these  have  been  samples  from  wells 
and  from  drill  cores  in  the  copper  country.  A  fund  of  geological  in- 

formation not  otherwise  to  be  obtained  has  been  gathered,  and  while  im- 
^See  report  for  1903. 



ANNUAL   REPORT   FOR    190S.  5 

media lo  iioeds  are  answered  by  j)i-ivate  eoi-resi>oiidence,  special  con- 
tlusioiis  I'roni  these  larger  pieces  of  work  should  find  their  place  in 
special  reports. 

There  was  a  meeting  of  State  Geologists  at  Washington,  D.  C,  last 
spring  at  wliich  an  association  was  organized  and  important  steps  taken 
to  promote  harmony  in  names.  The  visit  of  the  Geological  Society'  to 
Albuquercpie  gave  opportunity  lo  collect  some  desert  sands  to  compare 

with  the  Sylvania  sandstone.  The  visit  of  the  Lake  Superior  Mining- 
Institute  to  Minnesota  gave  an  oi)portunity  to  study  some  rocks  and  cores 
which  have  parallels  in  ̂ lichigan.  On  the  way  back  a  stop  to  visit  the 
^Viscousiu-^Iichi'gan  boundary  line  (Fig.  ̂ ^.)  yielded  results  of  so  much 
interest  in  connection  with  the  question  of  the  relation  of  the  coppei' 
l)earing  rocks  to  the  l^ake  Superior  sandstone  that  the  place  was  revisited 
later  with  Leith  and  ̂ lartin  of  Wisconsin  University.  These  trips  were 
not  at  the  expense  of  the  state. 
A  two  days  visit  at  the  suggestion  of  Hon.  Geo.  Shiras,  III,  was 

made  to  a  salt  lick  not  far  from  Marquette,  of  interest  both  fi'om  a  geologi- 
cal and  biological  point  of  view.     (Fig.  1.) 

Studies  of  the  salt  in  mine  waters  have  been  presented  to  the  Lake 
Superior  Mining  Institute,  and  reprints  of  this  obtained  which  may 
serve  until  the  state  is  ready  to  issue  a  larger  report  with  data  collected 
to  date. 

Visits  were  made  and  field  work  done  in  connection  with  the  party  of 
A.  H.  Meuche  beyond  the  Victoria,  and  F.  E.  Wright  in  the  Porcupines. 
In  view  of  the  ])robable  use  of  the  same  at  once  a  preliminary  map  is 
submitted  herewith.     (Plate  I.) 

Dr.  F.  E.  Wright  has  spent  the  season  in  the  Porcupine  Mountains 
finishing  the  field  work  for  his  report.  In  this  he  received  technical  assist- 

ance from  I'].  S.  Larsen,  Jr..  and  the  State  Geologist.  L.  Squance  was 
also  employed.  With  the  State  Geologist  a  brief  trip  was  made  to 
the  Lake  Gogebic  region  north  of  Berglund  where  as  Wadsworth  noted 
these  are  interesting  porphyry  intrusives. 

A.  H.  Meuche  has  had  charge  of  the  Houghton  office,  and  of  a  party  in 
the  field  continuing  the  examination  of  the  Cop})er  Range  from  the 
Victoria  mine  on.  He  prepared  the  map  of  the  Ontonagon  county  mines 
published,  and  has  assisted  in  the  examination  of  drill  cores,  and  has 
made  important  correlations  of  the  Ontonagon  county  lodes. 

Karl  and  Leon  Meuche  and  Harold  E.  Mitchell,  and  for  a  short  time 
Dr.  R.  E.  Hore,  assisted  A.  H.  Meuche. 

Analyses  have  been  made  by  Dr.  A.  A.  Koch,  of  the  College  of  Mines. 
The  topographic  survey  was  in  charge  of  the  JJ.  S.  Geological  Surve}', 

around  Calumet,  under  A.  M.  Walker,  and  around  Howell  and  Milford 
A.  M.  Walker  and  C.  D.  S.  Clarkson.  AVith  them  were  employed  J. 
DePuy,  Leigh  D.  Townsend,  C.  B.  Kendall,  K.  H.  Wilson,  S.  R.  Archer, 
R.  C.  Gaylord,  J.  W.  ]Matthewson,  S.  L.  Fuller,  Perrv  K.  :Miller  and 
Frank  A.  AYest. 

Harry  R.  Wight  has  had  charge  of  the  correspondence,  and  in  fact  of 
the  whole  Lansing  office,  during  the  extensive  absence  of  the  Stale 
Geologist  in  the  Upper  Peninsula  and  elsewhere,  and  has  assisted  in 
editorial  work,  prejjaration  of  Mss.,  blue  printing,  etc. 

W.  F.  Cooper  had  practically  almost  complete  editorial  charge  of  the 

i*eport  for  11)07.  and  has  also  continued  Avork  on  Saginaw  county. 
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Of  those  employed  a  part  of  the  time  or  on  contract,  the  following 
report  may  be  made: 

Profs.  W.  H,  8heizer  and  A.  W.  Grabau  have  studied  the  salt  shaft 

section  and  the  adjacent  outcrops.     * 
Prof.  C.  A.  Davis  has  been  engaged  by  the  U.  S.  G.  S.  as  peat  expert, 

but  has  practically  finished  his  Tuscola  county  report. 

RECOilMEXDATIOXS    REGARDIXG    LEGISLATION. 

The  consideration  of  natural  resources  is  of  ever  increasing  import- 
ance and  of  even  wider  popular  interest,  as  emphasized  by  the  White 

House  conference  this  year,  to  which  a  numl)er  of  State  Geologists,  and 
the  President  of  this  Board  were  delegates.  It  occurred  practically  at 
the  same  time  as  the  meeting  of  the  Association  of  State  Geologists 
above  mentioned. 

This  is  the  field  of  your  Board  and  your  increasing  work  should  re- 
ceive adequate  consideration  by  the  legislature.  The  reports  for  1906 

and  1907  have  already  fully  set  forth  our  needs  for  a  new  building,  es- 
pecially for  the  care  of  drill  cores.  These  have  cost  fo.OO  a  foot  for 

private  parties  to  obtain,  and  are  of  permanent  geologic  value.  Such  a 
building  (which  should  even  then  be  built  with  an  eve  to  future  enlarge- 

ment) might  easily  cost  |30,000.00. 
The  topographic  survey  has  now  reached  the  Agricultural  College  and 

should  certainly  be  extended  to  include  the  neighborhood  of  the  State 
Capitol.  For  this  $5,000.00  will  be  sufficient.  If.  however,  the  region 
of  the  Kalamazoo  or  Mt.  Pleasant  Normal  is  to  be  covered,  and  more 
especially  if  the  region  between  Grand  Rapids  and  Saginaw,  where  the 
deep  waterway  is  proposed,  is  surveyed,  and  this  is  the  first  step  towards 
an  adequate  detailed  estimate  on  the  project,  six  thirty-minute  quad- 

rangles, say  6,000  square  miles,  should  be  surveyed.  Taking  fifteen- 
minute  quadrangles,  however,  the  area  might  be  reduced  to  o.OOO  square 

miles,  and  the  state's  half  of  the  cost  to  about  $33,000,  to  be  met  by  an 
equal  sum  by  the  Federal  government.  But  inasmuch  as  the  U.  S.  Geologi- 

cal Survey  has  only  been  having  about  $100,000  available  for  such  joint 
topographic  surveys,  and  adjacent  states  like  Ohio,  Kentucky  and  Illinois 
have  been  calling  for  $10,000  and  $20,000  a  year  therefrom,  it  is  quite 
doubtful  if  they  can  at  once  meet  such  an  appropriation  unless  the 
Federal  appropriation  for  such  purposes  is  also  raised.  Thus  whatever 
is  given  should  be  given  as  a  lump  sum,  available  until  exhausted  as 
fast  as  it  is  met  by  the  general  government. 

The  work  of  the  biological  survey  is  fruitful  and  should  be  con- 
tinued with  an  appropriation  of  about  $2,000.  Detailed  estimates  will 

be  later  submitted.  The  collections  acquired  are  of  such  a  different  char- 
acter from  those  of  the  geological  survey,  that  the  rules  covering  their 

care  and  distribution  should  be  different.  There  is  no  reason  at  all  why 
they  should  be  a  part  of  the  same  collection.  The  Museums  of  the  Uni- 

versity and  of  the  Agricultural  College  should  be  made  the  permanent 
recipients,  and  if  as  seems  true  upon  careful  reading  of  the  acts  legisla- 

tion is  necessary  to  make  this  legal,  such  action  should  be  taken. 
The  work  of  the  geological  survey  is  such  as  to  bring  prominently  to 

view  the  importance  of  many  of  the  legislative  recommendations  of  the 
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comiuisision  o(  iiuiuiry  on  the  t^tate  tax  lauds.  Most  especially  is  to  be 
lecoiinneiulod  (lie  witlidiawal  of  all  such  lands  from  sale  until  their 

value  to  the  slate  for  the  purpose  of  rejiulatino-  water  power  and  doods, 
and  the  production  ot  oil,  lias,  coal,  etc.,  shall  be  ade<piately  investigated. 

In  particular  is  this  advisable  until  the  state  has  adopted  some  policy  of 
licensing  and  control  for  exploration  for  gas,  such  as  outlined  in  ray 
report  for  1J)07. 

With  an  expression  of  appreciation  tor  the  advice  of  the  Board  of 
Scientific  Advisers  and  the  faithful  work  of  ray  fellow  employes  I  would 

close  this  executive  part  of  ray  report  and  add  a  few  notes  on  matters 

of  current  inlerest  not  reserved  for  inclusion  in  sei)arate  scientific  re- 
l)orts. 

During  the  year  we  have  received,  as  a  gift  from  Mr.  and  Mrs.  Fred- 
erick Towle  of  ])etroit,  original  notes,  papers  and  memoranda  of  Bela 

Hubbard,  who  did  a  very  large  part  of  the  Douglass  Houghton  Survey. 

These  ])apere  contain  data  of  decided  historic  and  scientific  interest.  The 

reports  of  that  survey  are  exceedingly  rare  and  should  be  reprinted  with 
the  help  of  these  original  notes.  There  are  also  meteorological  and 
authrojudogical  data  of  value. 

BRICK. 

While  there  are  larg-e  areas  of  excellent  shale  for  brick  in  the  state,^ 
yet  the  scarcity  of  lumber  is  such  that  all  the  lumber  substitute  indus- 

tries are  doing  well.  The  sand-lime  brick  industry  is  firmly  established- 
Some  hints  of  value  may  be  given  by  reprinting  with  notes,  extracts  from 
a  very  practical  address  in  the  Clay  Record  for  April  30,  1907,  with  run- 

ning comments  as  to  their  applicability  in  Michigan. 

Extracts  from  an  Article  on  ̂ 'Proper  Mixture  and  Mixing  for  Making 
Sand-Lime  Brick-/'  with  connncnts. 

"It  is  said  that  any  sand  is  suitable  providing  it  consists  principally 
of  material  containing  silicic  acid,  which  is  the  case  almost  everywhere, 
and  more  especially  with  bank  or  river  sand  and  sandstone  rock.^  A 
large  portion  of  calcareous  marl*  will  make  the  sand  useless,  as  the 
substance  can  not  participate  in  the  chemical  transformation  into  sili- 

cates of  lime.  On  the  other  hand  sand  composed  of  small  pieces  of 

limestone"  has  produced  a  very  firm  bard  brick,  when  mixed  with  a  small 
portion  of  finely  ground  clay  in  addition  to  the  hydrated  lime,  but  I 
do  not  recommend  this  sort  of  mixture,  because  the  brick  of  such  u 

composition  are  not  as  refractory**  in  case  of  fire  in  building  in  which 
they  have  been  used.     *     *     *    * 
"We  are  also  told  that  a  small  amount  of  fine  loam  will  be  of  no 

disavantage.    Again  I  differ  with  that  theory,  because  I  have  seen  sands 

'See  previous  reports,   especially  Volume  VIII,   Part   I. 
;Clay  Record,  April  30.   1907. 
=Stamp  sand,  especially  that  of  amygdaloid  mines,  is  not  liish  in  silicic  acid  and  should 

not  be  used  where  exposed  to  alternate  wet  and  dryness.  The  sand  of  the  Great  Lake 
shores  and  the  sandstones  of  the  Lake  Superior  iMunising)  and  Marshall  and  Saginaw 
(Coal  Measures)  formations  are  highest  in  silica,  but  the  dune  sands  are  round  and  even 
sized. 

*Bog  lime. 

■'Many  of  the  glacial  sands  and  tho.s.'  along  the  Niagara  and  Dundee  outcrops  are  limey. 
In   fact  most  of  the  overwash  gravel   sands  are  limey  until   they   are  leached. 

"That  is  they  melt  readily. 
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in  which  the  individual  grains  were  coated  with  a  verv  flue  loam  or 

clay  dust.  This  coating  prevents  the  lime  from  coming  in  contact  with 

the  silica    consequentlv  making  an  improper  bond  and  a  punky  brick. 
*'*  *'*  *  *  *  *  *  * 

''Again,  some  very  good  looking  and  hard  brick  have  been  produced 

from^sand  and  loam  mixed,  but  I  would  not  care  to  use  such  brick  in  a 

building,  as  they  would  disintegrate  by  frost  or  fire.^ 
''A  high  percentage  of  silica  is  very  necessary,  and  without  it  you 

cannot  expect  to  get  good  results.  Candidly  speaking,  it  is  a  hard  propo- 

sition to  get  perfectly  clean  sand  in  the  ordinary  bank-  on  account  of 
the  vegetable  matter  and  the  soil  on  the  surface,  that  caves  down  as  the 
bank  is  worked.  In  such  cases  it  is  better  to  remove  all  the  top  of  the 

soil,  prior  to  working  the  bank. 
With  river  sand  you  may  get  a  good  quality  for  a  short  time,  and 

when  freshets  come'  and  deposit  mud  and  slime  on  top  of  your  sand, 
you  are  really  up  against  a  bad  proposition.  My  advice  in  working  river 

sand  is  to  get  it  out  in  large  quantities  and  keep  a  supply  ahead,  so  that 

it  is  unnecessary  to  go  into  the  river  immediately  after  a  freshet  for  your 

daily  supply.^ 
"kea  sand  is  being  used  for  brick  making,  but  some  have  used  it  to 

their  sorrow.*  Sea  sand  that  comes  in  contact  with  the  salt  water  wall 

not  make  good  bond  with  the  lime;  again,  this  class  of  sand  is  of  the 

round  grain  variety.'  The  only  sea  sand  that  is  practical  to  work  is 
that  which  has  been  away  from  the  sea  water  for  years,  and  has  been 
purified  bv  the  elements. 

Another  matter  of  great  moment  in  selecting  sand  is,  to  get  it  of  varied 

sized  gi-ains.^  If  it  were  possible  to  get  proportioned  as  follows,  you 
need  not  worrv  about  the  results:  20  per  cent  passing  20  mesh,  20  per 

cent  passing  40  mesh,  20  per  cent  passing  60  mesh,  20  per  cent  passing 

60  mesh,  20  per  cent  passing  100  mesh  screens,  providing  it  is  a  clean, 

sharp  sand,  and  you  are  using  a  liigh  calcium  lime  in  your  mixture,  in 

proper  portion,  you  will  get  good  results.  Where  you  use  a  coarse  sand 

of  nearly  one  size  grains,  you  will  not  be  able  to  make  a  compact  brick, 
impervious  to  water. 

«  *  *  *  *  *  «*  *  * 

"It  has  been  thoroughly  demonstrated  that  five  per  cent'  of  calcium 
hydrate,  with  a  clean  sharp  silicic  oxide,  is  a  sufficient  amount  to  make 

hydro-calcium  silicate  or  sand  lime  brick.  A  proper  amount  is  governed 

by  the  quality  of  the  sand  and  the  lime  to  be  mixed,  and  when  the 

iLoamy   or   clayev,   dirty   sand   is  decidedly   unsatisfactory-  ,  ,         /■     „„ 
-That  is  in  high  level  of  old  beach  or  glacial  sands.  There  is  also  more  or  less  aecay 

of  those   sands   which  are   not   all   quartz   which   tends   to   weaken   the   brick. 

^Little  or  no  present  river  sand  has  been  worked  in  Michigan,  but  the  advice  to  be  suie 
to  keep  out  of  the  reach  of  freshets  is  worth  noting. 

*This  does  not  apply  to  sand  of  the  Great  Lakes.  .  .   ,,      ̂ ,       /■   „„ 
=Much  of  the  lake  sand  is  of  this  round  grain,  even  sized  variety,  especially  the  aune 

sand.  In  such  case  regrinding  is  a  great  improvement.  This  is  done  at  the  Manistee  plant 
•  described  bv  J.   .1.   Hubbell   in  the  Michigan   Engineer.  »,.  4.  i 

On  the  other  hand,  the  glacial  sands  vary  much  in  grain  and  there  are  often  extremely 
fine  sands.  Data  as  to  the  proportion  of  grains  of  different  sizes  will  be  found  in  the  U.  h. 
Department  of  Agriculture  soil  reports  and  in  the  Ries  &  Rosen  molding  sands  report (Annual   report  for  J907.)  , 

The  open,  very  porous  sand  brick  will,  however,  stand  frost  better  than  some  wouitt  ex- pect but  the  corners  are  liable  to  chip  in  the  handling. 
*Much  of  the  sand  of  the  glacial  over  wash  is  quite  varied  in  size. 
^Six  per  cent  or  so  is  used  in  Michigan. 
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mixture  is  made  damp,  a  chemical  combination  takes  place  and  forms 
silicate  of  lime. 
#>****♦  **» 

"If  yon  nse  a  hiji'li  calcinm  lime^  virlnally  free  from  magnesia  and  a 
clean  sharp  silica  sand,  yon  have  an  easier  proposition  than  the  fellow 

■who  has  a  magnesinm  lime  and  clean  sharp  sand,  becanse  he  will  get 
a  chalky  brick  and  yon  can  rnb  the  grains  of  sand  from  a  hardened  brick 
with  yonr  thnmb  and  finger. 

'•Shonld  yonr  lime  contain  a  high  percentage  of  calcium  and  be  practic- 
ally free  from  magnesia,  yonr  sand  ronnd  grained,  yon  will  not  get  a 

good  brick,  while  if  you  are  using  a  high  magnesium  lime  and  a  loamy 
sand,  either  sharp  or  round  grain,  your  troubles  will  be  too  numerous  to 

mention." 
PEAT, 

By  C.  A.  Davis. 
TJiinking  to  supplement  my  former  report  to  your  honorable  Board 

relative  to  the  peat  deposits  of  Michigan,  I  take  this  opportunity  to 
write  you  briefly  concerning  the  progress  of  peat  investigation,  and  the 
industries  based  upon  this,  for  the  year  1908. 

The  most  imp^^i'taut,  generally  applicable  announcements  have  come 
to  us  from  Europe,  as  usual,  and  are  two  in  number:  (1).  The  Ekeu- 
berg  "wet  carbonizing"  has  been  worked  out  sufficiently  to  demonstrate 
that  it  is  a  most  promising  commercial  probability.  The  process,  as  you 

may  recall,  is,  as  its  name  indicates,  a  method  of  treatii^g  wet  peat  in 
closed  retorts  with  superheated  steam  under  n  ̂ re  than  3  atmospheres 

(75  lbs.)  pressure  and  at  a  temperature  above  300°  F.  This  carbonizes 
the  i)eat  without  volatilization,  and,  after  the  process  is  .-omplete,  the 
water  can  be  nearly  all  removed  by  pressure.  Drying  is  coier^leted  artifl- 
cally  and  the  resulting  peat  substances  is  easily  compres'^'^d  into  very 
hard,  black,  non-absorbent,  heavy  briquettes,  which  have  a  hign  fuel  value 
and  are  much  like  coal. 

This 'process  has  not  been  tried  on  actual  commercial  scale  ut  was 
very  exhaustively  tested  by  the  Swedish  government,  and  the  e-iperts 

who  made  the  tests  report  favorably  upon  the  process  and  its  '  ilts. 
The  cost  of  establishing  a  plant  equipped  for  this  process,  with  a  cap  '-ity 
of  100  tons  of  briquettes  per  day,  is  estimated  to  be  somewhat  more 
than  1150,000,  exclusive  of  the  cost  of  the  bog,  and  the  cost  of  produc- 

tion at  about  |!2.25  per  ton. 
(2.)  The  Frank  Caro  method  of  producing  gas  from  peat  with  tho 

recovery  of  ammonium  sulphate  as  a  by-product.  This  is  exciting  even 
more  interest  than  II)  since  it  is  in  line  with  the  recent  advances  made  in 
the  utilization  of  other  low  grade  fuels  as  sources  of  gas  for  use  in  the 
producer  type  of  internal  combustion  engines.  The  peat  is  dug  and 
partially  dried  on  the  bog  to  about  10  per  cent  or  50  per  cent  moisture, 
and  without  other  treatment  is  thrown  into  a  gas  producer  of  special 
construction,  where  for  a  considerable  time  it  is  heated  with  a  mixture  of 
air  and  excess  of  superheated  steam.  During  this  treatment  practically 

all  of  the  nitrogen  of  the  peat  is  converted  into  ammonia,  which  is  con- 
'The  Fiborn  Quarry  mine,  much  of  that  from  Alpena  and  Tetoskey  and  that  from  the 

Bay  Port  or  Mayville"  limestone,  and  that  from  the  Sibley  quarries  is  of  that  nature.  Much of  the  Monroe  county  lime  and  that  of  Manistique  and  the  Niagara  formation,  and  Green 
Bay   generally   is   likely   to   be   magnesian. 
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verted  to  ammouia  sulphate  by  passing  the  gas  through  sulphuric  acid, 
and  recovered  by  concentrating  the  liquid.  The  pure  peat  gas,  with  a 
heating  value  of  145  to  155  B.  T.  U.  per  cubic  foot,  which  is  about  that 
of  producer  gas  from  coal,  may  be  used  for  the  production  of  electric 
power  or  for  any  similar  purpose.  The  important  part  of  the  discovery 
is  that  the  ammonium  sulphate  recovered  from  a  peat  with  slightly 
more  than  1.5  per  cent  combined  nitrogen  which  was  used  in  one  large 
experiment,  was  sufficient  in  quantity  to  pay  the  entire  expense  of  the 
process,  and  give  a  small  profit,  leaving  the  gas  which  amounted  to  some 
48,000  cubic  feet  per  ton  of  dry  matter  of  the  peat,  with  152  B.  T.  U. 
per  cubic  feet,  as  an  additional  profit. 

As  in  all  plants  for  gas  production  on  any  considerable  scale,  the 
cost  of  this  type  is  large,  and  is  estimated  at  not  less  than  |150,000.  This 
method  of  utilizing  peat  on  a  large  scale  is  probably  the  most  promising 
of  any  of  those  recently  proposed  and  opens  up  gTeat  possibilities  for  the 
utilization  of  the  larger  peat  beds  of  Michigan  as  sources  of  power  to 
be  used  in  the  vicinity  of  the  plant,  or  transmitted  electrically,  at  a  dis- 
tance. 

The  fact  that  several  of  the  analyses  of  ̂ Michigan  jieat  show  as  high 
as  2.5  per  cent,  or  more,  nitrogen,  indicates  that  aside  from  the  power 
stored  in  her  bogs,  the  state  has  a  great  amount  of  combined  nitrogen 
laid  down  in  them,  which  may  be  very  profitably  recovered  in  the  form 
of  ammonia  sulphate,  and  be  used  in  enriching  her  agricultural  lands, 

since  the  salt  is  a  very  important  constituent  of  high  gi'ade  fertilizers. 
During  the  past  year  there  has  been  a  rapid  improvement  in  the  type 

and  efficiency  of  gas  producers  for  making  producer  gas  from  fuels  of 
the  high  grade  to  which  peat  properly  belongs,  and  it  is  now  possible 
to  buy  producers  of  the  suction  type  which  will  use  moist  peat  in  units 
as  low  as  150  horse  power.  If  tlie  improvement  continues,  as  it  seems 
likely  to  do,  it  will  be  only  a  short  time  before  the  producer  gas  engine, 
capable  of  using  air  dried  peat  in  the  form  of  unshaped  masses  as  dug, 
will  be  used  in  many  small  factories  which  are  located  near  peat  beds, 
in  place  of  steam  engines  now  in  use. 

There  has  been  some  activity  in  the  manufacture  of  peat  fuel  in  the 
state,  although  none  of  the  large  fuel  plants  were  operated  during  the 
year.  Mr.  Karl  Kleinstuck,  of  Kalamazoo,  made  something  over  100 
tons  of  peat  blocks  at  his  Elk  Marsh  Peat  Works,  and  found  ready  sale 
for  such  of  the  product  as  he  cared  to  dispose  of,  but  reserved  the  greater 
part  of  it  for  his  own  use. 

The  plant  of  the  Artificial  Fuel  Co.,  of  Toledo,  Ohio,  located  near 
Lambertville,  Michigan,  was  in  operation  for  a  short  time  for  the  pro- 

duction of  material  for  experimental  purposes,  but  although  fully 
equipped,  the  company  have  not  tried  to  operate  on  a  commercial  scale 
until  the  electric  railway  crossing  their  property  is  completed.  The 
litigation  which  has  prevented  this  has  been  settled  and  the  road  will 
be  finished  early  in  1909,  after  which  the  peat  fuel  plant  will  begin 
production  on  full  time,  if  the  present  plans  of  the  managernent  are  car- 

ried out. 

Peat  fuel  has  been  made  in  some  quantity  also  near  Hudson,  by  the 
Metropolitiau  Artificial  Fuel  Co.,  of  Toledo.  The  product  made  by  this 
company  was  in  the  form  of  large  blocks,  poorly  macerated  and  air  dried. 

3 
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It  was  bulky  and  friabltN  in  tlie  samples  shown  the  writci-,  and  appar- 
ently little  better  than  cut  ])eat,  but  considerable  of  it  was  sold. 

Several  new  peat  companies  have  been  formed  in  the  state,  but  they 

have  not  yet  reached  the  producing  stage.  Among  these  may  be  men- 
tioned the  Consumers'  Teat  Fuel  and  Gas  Co.,  of  Detroit,  which  will 

operate  in  1900,  a  plant  at  Bancroft.  The  plants  at  Chelsea,  Bancroft 
and  Eaton  Kajjids  were  not  run  during  the  season  of  1908,  and  nothing 
was  learned  of  the  peat  paper  plant  at  Capac. 

It  is  surprising  that  no  attempts  have  been  made  in  Michigan  to 

make  peat  or  "moss''  litter,  for  use  as  bedding  for  horses  and  other 
stock.  There  is  an  abundance  of  the  fibrous  type  of  peat  which  is  best 

adapted  to  this  purpose,  the  processes  of  preparation  are  the  simplest, 
and  those  who  have  given  it  a  fair  trial  are  enthusiastic  as  to  its  many 
good  qualities,  so  that  it  would  find  a  ready  sale. 
From  the  foregoing  it  is  a])parent  that  the  peat  question  is  still  a 

live  one,  and  that  the  men  interested  in  peat  development  are  still 
sure  of  the  success  they  so  well  merit  from  their  perseverance  under 
many  difficulties,  and  are  expecting  to  establish  an  important  industry 
and  furnish  the  people  of  the  state  a  good,  efficient,  auxiliary  fuel  at 
a  low  price. 

The  new  developments  discussed  above,  while  requiring  large  capital, 
will  in  the  near  future  doubtless  reach  the  stages  where  capital  will  be 
available,  and  Michigan,  with  its  extensive  peat  beds  should  be  one  of  the 
first  states  to  be  enriched  by  plants  based  upon  their  exploitation. 

SALT  LICK. 

The  carving  of  wild  animals  for  salt  is  a  notable  phenomenon.  Thus 
when  Hon.  George  Shiras,  III,  called  my  attention  to  some  remarkable 
salt  licks  near  his  hunting  camp,  it  was  a  matter  I  was  glad  to  investi- 

gate for  the  benefit  of  the  biological  survey  as  well  as  because  of  the 
light  it  might  throw  on  mine  waters,  oil  and  gas,  and  geological  theories 
as  to  the  origin  of  the  deposits  in  question.  This  is  perhaps  the  first 
attention  we  had  paid  to  natural  salt  springs  since  the  days  of  Douglass 
Houghton,  who  investigated  a  number  as  indications  of  salt.  The  licks 
in  question  occur  at  the  head  of  Whitefish  Lake.  This  region  has  been 

well  described  geologically  by  Eominger^  but  is  very  imperfectly  shown 
on  the  maps  so  that  we  need  to  insert  the  following  sketch  figure.^ 

This  lake  is  about  3  miles  south  of  the  flag  station  Deerton,  on  the 
Duluth,  South  Shore  &  Atlantic  B.  K.  If  this  is  as  Gannett  gives  it  716 
feet  A.  T.,  Whitefish  Lake  is  about  796  feet  A.  T.  It  is  not  far  from 
the  Agricultural  Experiment  Station,  Chatham,  and  is  covered  but  not 
shown  on  the  Munising  soil  map  of  the  U.  S.  Department  of  Agriculture. 

The  river  (Whitefish  or  Laughing  Whitefish  river)  which  drains  the 
lake,  flows  over  ledges  and  rapids  of  saudrock.  Not  far  from  the  outlet 
on  the  east  side  there  is  exposed  a  flat  ledge  (Snake  Rock)  of  white 
sandrock,  about  100  feet  square,  just  about  at  water  level.  The  outlet 
is  clogged  with  large  blocks  of  sandrock. 

The  figure  shows  how  long  and  narrow  the  lake  is  and  it  is  deep. 

^Volume  I  of  these  reports,  Part  3,  pp.  74,  75,  S8-90. 
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Fig.    1.      Sketch    Map    showing   location    of   Whitefish    Lake    Salt    Licks. 
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It  is  said  to  be  not  less  than  GO  feet  deep  for'  a  }»ood  pni-t  of  the  way. 
At  the  north  end  of  the  lake  the  level  of  the  country  is  hardly  10  feet 
above  the  lake,  but  as  we  go  south  it  rises  somewhat,  and  south  from 
Huckleberry  rock  the  top  of  the  bluffs  840  to  845  feet  A.  T.  is  a  lake 
cut  bench  just  below  the  well  marked  shore  line  of  a  vast  lake  of  which 
Lake  ̂ ^uperior  is  but  a  relic — the  former  Lake  Algonquin.  Near  the 
head  of  the  lake  we  find,  on  each  side  of  this  old  shore  line,  back  of  which 
the  country  rises  suddenly  over  greenish  white  sandrock  and  blue  shale 
to  95  feet  above  the  lake,  or  890  feet  A.  T.  The  gorge  of  the  intlowing 

river,  A\'hich  continues  the  lake,  is  thus  quite  deep,  100  to  150  feet. 
About  four  miles  south  it  terminates  in  a  series  of  falls  something  like 
75  to  100  feet  high.  The  sandstone  beds  exposed  are  all  in  that  upper 
part  of  the  Lake  Superior  (Potsdam)  sandstones,  that  I  [jropose  to  call 
the  Munising  sandstones.  The  section  as  given  by  Rominger  is  from 
above  down,  as  follows; 

6.     Massive  but  soft  white  sandstone  in  vertical  cliffs    50 
5.     Thin  beds  of  soft  white  sandstone  parted  by  seams  of  blue  shale    75-100 
4.  Thicker  ledges  with  quartz  pebbles,  a  few  feet  dark  coarse  conglom- 
erate   

3.     Hard  sandstones,   coarse  red-specked    4-20 
2.     Argillaceous  red  sandstone  1  to  3  feet  thick,  and  red  shales    12 
1.  Thin  bedded  sandstones  and  shales,  white,  or  blotched  white  and  red.  25 

The  bluffs  at  the  head  of  "W'hitefish  Lake  show  5.  Down  to  Huckle- 
berry rock  the  bluffs  appear  to  be  capped  by  3  or  4  and  underlain  by  2. 

The  salty  water  must  come  near  the  line  between  2  and  1.  The  length 
and  narrowness  of  the  lake  and  its  vertical  sides  suggest  at  once  that 
it  has  been  formed  like  the  gorge  above,  by  the  cutting  of  a  stream. 
The  apparently  greater  depth  than  at  the  outlet  (like  the  gorge  of 

Niagara  and  the  ''Dead  Sea"  in  the  Adirondacks)  may  be  due  to  the 
plunge  of  an  interglacial  or  preglacial  waterfall. 

The  salt  water  occurs  on  both  sides  of  the  inlet  at  the  head  of  the 
lake,  at  points  about  opposite,  near  where  the  cover  over  the  sandstone 
thickens.  It  probably  oozes  from  a  given  stratum.  Or  if  it  finds  its 
way  up  by  a  cross  fissure  it  must  have  spread  through  the  strata  for 
some  distance.  Tests  under  Huckleberry  rock  and  at  another  point 
yet  nearer  but  to  the  north  do  not  show  the  abnormal  chlorine 
to  anything  like  the  same  extent.  Neither  does  the  river  water,  the 

lake  water  nor  wells  nor  springs  in  the  sides  of  the  bluff's.  It  is  also 
very  interesting,  almost  surprising,  to  find  that  the  water  is  not  only 
saline  but  contains  chlorine  so  much  more  than  sodium  that  we  are 
constrained  to  infer  the  presence  of  calcium  chloride,  the  same  salt  which 
is  found  in  paleozoic  brines  very  widely  and  in  the  inine  waters  of  the 
Upper  Peninsula.  It  is  therefore  no  indication  of  the  ocean  having 
entered  this  region  during  the  postglacial  depression. 

The  places  frequented  by  the  deer  were  in  the  sand  flats  of  the  delta 
of  the  Whitefish  as  it  comes  into  the  lake  (Analyses  7-12).  Here  along 
certain  fallen  trees  Mr.  Shiras  has  observed  the  deer  ranged  in  a  row 
like  cattle.  Digging  directly  at  the  sandstone  bluffs  near  by  disclosed 
the  same  or  stronger  waters.    The  details  of  the  tests  follow : 

1.     Incoming  river  water   (mg.  per  liter)   by  silver  nitrate  tablets  has  about  12 
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parts  million  of  chlorine.     The  carbonates  if  all  calcium,  would    (by  sodium  acid 
sulphate  test)    be  about  50  per  million. 

2.  The  hardness  of  the  outflowing  water  by  soap  test,  if  all  calcium,  would 
be  about  80  per  million. 

3.  A  hole  dug  at  the  base  of  the  bluffs  near  Huckleberry  rock  on  the  east  side 

of  the  lake  yielding  water  probably  from  the  rock  (temperature  55°  F.  where 
the  lake  was  66°)    yielded  by  silver  nitrate  test, 
Of    chlorine        30  parts  per  million 

By  soap  test,  hardness  as  calcium     49       " 

4.  The  shallow  (10  foot)  well  at  Shiras'  camp  has  so  little  chlorine  that 
250  CO  is  not  enough  to  neutralize  a  silver  nitrate  tablet  corresponding  to  1.01 
mg  CI.:.  CI  is  4  parts  per  million.  By  sodium  acid  sulphate  test  the  carbonates 
as  Ca  were  32  per  million. 

5.  Water  from  the  sandstone  60  feet  above  the  lake  has  by  sodium  sulphate 
test  of  carbonate  40  per  million. 

6.  A  hole  near  the  head  of  Buck  Bay  under  the  bluffs  only  a  few  feet  from 
the  licks  was  clayey  and  therefore  not  accurately  to  be  tested,  but  contained  no 
great  amount  of  chlorine. 

7.  Sample  of  lick  sent  in  Nov.  9,  1907,  by  George  .J.  Shiras,  III.  tested  by  F.  B. 
Wilson.     Only  a  few  cc  of  water  available  gave, 

CI     862  per  million. 
Total  solids   2482 
S   (SO3)       27 
Mg       tr. 
Ca.,    Na.,    etc       present  but  not  determined 

At  the  time  the  sample  Avas  taken  there  was  a  pink  scum  on  the  water,  prob- 
ably organic,  like  a  pink  bacterial  scum  which  C.  A.  Davis  tells  me  he  has  noted 

on  salt  marshes.  The  lick  itself  was  muddy  with  slime  from  the  river  and  the 
tramping  of  the  deer  and  full  of  fallen  timbers,  but  we  had  dug  with  pick  and 
shovel  two  shallow  holes  not  over  a  foot  and  a  half  shoreward  from  the  main 
lick. 

8.  The  first  hole  closest  to  the  lick  gave  CI.  2370  per  million  by  silver  nitrate 
tablets  and,  by  sodium  acid   sulphate,  carbonates  as  Ca  100  per  million. 

9.  Another  hole  not  10  feet  off  going  down  into  the  clear  white  sand  of  the 

decayed  sandrock  gave  CI.  1750  per  million.  The  temperature  was  57° — of  the 
river  63°-65°  on  Sept.  11,  1908.  A  sample  was  taken  also  for  pi-eservation  in  a 
jug. 

10.  Over  on  the  west  side  of  the  stream  was  another  lick  in  a  miry  spot.  This 
gave : 
By  silver  nitrate  test      CI.  1200  per  million 
By  soap  solution,  hardness  as  calcium   Ca.  82 
By  sodium  and  acid  sulphate,  carbonates  as  calcium.  .  .Ca.  235 

Phenolphthalein  does  not  indicate  any  sodium  carbonate,  nor  does  aeetate  of 
lead  show  any  sulphides.  The  sandstone  outcropped  within  10  feet.  There  is 
quite    liable    to    be    urine    contamination. 

11.  About  120  feet  up  stream  under  a  log  which  projected  over  a  sandy  bottom 
was  another  place  where  the  deer  were  fond  of  standing.     Here  we  found: 
By  silver  nitrate  test   CI.  1050  per  million 
By  sodium  acid  sulphate  test,  carbonates  as  Ca    185 

12.  A  sample  taken  to  the  College  of  Mines  yielded  Dr.  A.  A.  Koch: 
CI    1298 
Ca    247 
Na    572 
H,S       0 

This  would  give  572  Na  plus  885  C.=Na  CI   1475 
234  Ca  plus  413  Cl.r^Ca  CL     647 

Leaving  amounts  of  calcium  (13  parts),  magnesium,  iron,  etc.,  to  be  combined 
as  carbonate  or  sulphate. 

Allowing  for  the  probable  amount  of  such  carbonates,  say  238  per  million, 
would  make  the  total  solids  very  much  as  in  No.  7. 
Owing  to  the  very  dry  weather  there  may  have  been  some  concentration,  and 
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there  is  even  more  likelihood  of  a  dilution  with  surface  water.  But  specimens  9 
and  12  ought  not  to  he  very  much  affected.  Analysis  7  shows  clearly  the  domi- 

nance of  chlorides  over  sulphates.  In  the  presence  of  calcium  chloride  no  stress 
can  be  laid  on  the  sodium  acid  sulphate  test,  but  the  water  is  obviously  much 
harder  than  the  ordinary  sandstone  water. 

A  contamination  by  urine  of  wild  animals  is  perfectly  possible  in  7,  8,  10,  11, 
not  so  likely  in  9  and  12.  But  as  in  any  case  urine  contamination  would  raise 
the  proportion  of  sodium,  the  presence  of  a  jvater  containing  not  less  than  1,000 
parts  of  clilorine,  and  some  calcium  chloride  oozing  from  a  Cambrian  sandstone 
where  it  is  exposed  under  a  relative  thick  cover,  and  not  so  leached  as  farther 
north  seems  with  great  probability  to  be  the  source  of  these  salt  liclvs. 

Other  natural  salt  licks  or  springs  in  Michigan  were  described  by 
Douglass  Houghton  in  his  early  reports.  C.  A.  J)avis  reports  one  in 
Section  22,  Wisner  township,  Tuscola.  Mr.  Shiras  says  there  was  one 
four  miles  up  Sand  river  from  the  D.  S.  S.  &  A.  K.  K.  track,  and  another 
about  300  yards  from  Deer  Lake,  near  Onota, 

Mr.  Henderson  reports  some  on  Sec.  22,  T.  41)  N.,  R.  40  W.  Another 
large  one  on  the  bank  of  a  creek  in  Sec.  16,  T.  40  N.,  R.  40  W.  Another 
one  mile  south  of  the  Copper  Crown  Mine  Sec.  4,  T.  40  N..  R.  41  W.  Then 
there  is  a  well  marked  one  about  200  yards  west  of  the  old  tramway  con- 

necting the  T^nion  IMine  with  the  Lake  Shore  in  Sec.  22,  T.  51  N.,  R.  42 
W. 

Very  resi)ectfully, 
ALFRED  C.  LANE, 

State  Geologist. 
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IXTKODl'CTION. 

It  is  uot  as  easy  to  siiimnarize  the  seotion  of  ]Micbigaii  as,  for  instance, 

a  compact  state  like  Iowa.  For  one  thing-  the  state  is  so  spread  ont 
that,  tnrned  around  by  its  southeast  corner  on  the  map,  it  would  reach 
heyond  New  York  into  the  Atlantic  Ocean,  and  turned  around  by  its 

northwest  corner,  would  extend  to  Hudson's  Bay  and  into  the  Dakotas. 
Again  it  includes  within  its  borders  representatives  of  probably  the 
oldest  land  masses,  which  have  been  frequently,  if  not  continuously,  above 
sea  level  ever  since  they  were  first  elevated.  The  geological  succession 

may  therefore  be  expected  to  be  intei'spersed  with  beds  laid  down  on 
land  and  in  lakes  fresh  and  salt,  and  seas  like  the  Caspian  and  Black,  by 
stream  and  wind,  as  well  as  wave. 

Part  I  includes  the  pre-Trenton  rocks  which  even  the  drill  has  not 
reached  in  the  Lower  Peninsula. 

In  preparing  these  notes  the  state  geologist  had  assistance  from  Pro- 
fessor Seaman  of  the  College  of  Mines  as  to  the  older  rocks,  to  such  an 

extent  that  it  may  be  best  expressed  by  joint  authorship.  Indeed  what 
he  knows  of  the  Upper  Peninsula  is  so  interwoven  with  what  he  has 
learned  from  and  with  Professor  Seaman  that  anything  he  could  write 
would  be  essentially  of  that  nature. 

^A'ith  regard  to  the  Paleozoic  series  he  has  had  the  advantage  of  the 
constant  assistance  of  Mr.  W.  F.  Cooper,  and  of  unpublished  reports 
by  A.  W.  Grabau  and  N.  H.  Winchell  to  examine.  Since,  however,  he 
differs  quite  materially  from  Dr.  Grabau,  and  Dr.  Grabau  has  recently 

g:iven  elsewhere^  the  essential  features  of  his  interpretation,  no  detailed 
reference  to  these  unpublished  reports  will  be  necessary.  It  need  not 
be  said  that  there  are  many  things  and  many  divisions  in  the  geological 
column  upon  which  further  light  will  be  thrown,  and  it  is  hoped  that 

before  long  the  I'aleozoic  geology  of  the  Upper  Peninsula  may  receive 
more  careful  attention.  But  it  is  well  to  be  sure  one  is  right  before 
going  ahead  in  any  change  of  names,  since  any  such  change  renders 
reports  less  readable  even  to  the  geologist,  much  more  so  to  the  teacher, 
engineer,  and  others  who  make  casual  use  of  them.  This  is  more  the 
case  when  a  number  of  new  names  are  brought  in  at  once.  In  regard 

to  the  scientific  questions  involved,  see  the  article,  "The  Geologic  Day,"' 
Journal  of  GcohHjy,  190G,  p.  425. 

One  general  remark  should  be  made.  The  point  of  view  of  the  state 
geologist  is  largely  that  of  a  student  of  well  records  and  of  the  drillings 
returned  from  them,  in  which  the  fossils  play  next  to  no  part.  Not  only 
is  the  point  of  view  of  Dr.  Grabau  that  of  a  paleontologist,  but  this 
must  also  be  remembered,  that  the  study  of  the  paleontologist  on  out- 

crops is,  in  a  broad  and  general  way,  the  study  of  formations  nearer 

^Bulletin    Geological    Society    of    America,    Vol.    XIX,    pp.    540-556. 
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their  margins  aud  more  likely  to  be  of  some  other  type  than  simply 
marine,  and  if  marine  deposits,  more  likely  to  be  dejtosits  of  the  littoral, 
and  of  extreme  transoression. 

Character  of  Rocks 

5a«^i/art<r,- white,  waterbearing,  in  hollows  of  Calciferous  dolomite,  but  absent  often 
Buff  and  bluish  dolomites  often  sandy,  with  dolomitlc  white  sandstones. 

Sandstone;  white  or  light,  waterheariog. 

Sandstone:  red  and  brown  and  striped  with  streaks  of  red  cljy  shale,  conglomeritic 
where  it  laps  upon  older  formations. 

scale,  the  relation  of  the  Freda  to  the  Lake  Superior  Sandstone  being  uncertain. 
probably  one  formation. 

Sandstone:  red.  with  some  felsitLc  and  basic  debris,  and  salt  water. 

Shales:  dark,  fissile  beds,  wiih  dark  basic  fragments,  and  products  of  decomposi- 
tion of  lavas  copper- bearing. 

Conglomerate:  very  heavy    red.  with  large  rounded  bowlders  of  alllower  forma* 
tions  Including  jaspilitic  iron  ores,  agate  amygdules.  gabbro  aplites,  etc. 

Traps:  basaltic  lavas,  and  ul  least  one — the  "Middle" — conglomerate. 

Conglomerate:  very  heavy,  like  the  outer  conglomerate. 

Group  of  basic  lava  flows,  with  frequent  beds  of  sediment,  Marvine's  (c). 

Group  of  basic  lavas  of  the  "ashbed"  type  with  scoriaceous  sediment  and  only  50 
feet  or  so  of  conglomerate.     Locally  felsites' 

Group:  mainly  of  lavas  of  the  augitic  ophite  type,  with  infrequent  sediments.  At 
the  top  is  the  'Mesoard  epidote"  and  just  beneath  the  heaWest  flow,  over  i  000 
feet  thick  at  times  known  as  the  Greenstone.  Under  this  is  the  .Mlouez  con- 

glomerate Marvine's  No.  15.  No.  13  is  the  Calumet  and  Hecla  conglomerate or  lode.     The  Kearsarge  Lode  is  shortly  above  g. 

(>£m^;  mainly  of  basic  lavas,  but  with  intrusive  and  effusive  felsites  and  coarse 
labradorite  por^hyrites;  also  intrusive  di^b^se  dikes  and  gabbro  and  gabbro 

aplites. 

Slates:  black  and  graphitic,  and  graywackc  slates,  passing  into  graj'wacke  arkoses, 
and  quarlzites;  metamorphosed  into  stauroUte.  chiastolite.  garnet,  and  other 
niica  schists  and  phyllitcs. 

Iron  formation  or  schist:  slates  with  cherty  carbonate  and  soft  ore. 

Iron  formation:  cherty  carbonates,  altered  to  jaspiJites,  etc.,  with  effusives  and 
intrusives  altering  to  hornblende  schists  and  amphibolites 

Slaves:  graywackes  and  arkoses  and  volcanics. 

Quartzite. 

Slatt:  black  largely. 

Dolomite:  with  siliceous  cherty  and  slaty  (schistose)  bands. 

Quartette:  conglomerate  and  arkose. 

Greenstone  schists.  amphibo1i!es.  hornblende  schists,  sericite  schists  or  crushed 
felsites.  rarely  ellipsoidal  greenstones  and  slates  and  jaspiliies.  very  largely  cut 
by  granites,  the  Laurenlian,  and  numerous  other  classes  of  injections. 

Fig.  2.    Geological  Column.     Keewatin  to  St.  Peter. 

In  studying  and  oomiiaring*  well  records  it  is  a  notable  fact  that  certain 
parts  of  the  geological  cohinm  seem  to  be  persistent  and  easily  correlated 
from  well  to  well.  Others  vary  markedly,  even  in  extremely  short 
distances.    These  are  tlie  jioints  where  the  nnconformities  come  in. 

The  columnar  section  is  divided  into  two  parts,  on  different  scales, 
since  Ihe  thickni^sses  of  the  Dre-Ordovician  units  are  mucli  greater  than 
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tluiso  of  (lio  lalor  ones.  The  (hickuessos  in  Hie  eoluiun  :irc  those  derived 

Iroiii  wells  where  the  rorniatiou  is  as  tlai  as  possible  and  as  far  removed 

from  its  soiure.  An  attem])t  has  been  made  to  draw  the  column  to 

scale,  jiivinii-  each  formation  something:  like  its  minimum  thickness 
when  not  oltviouslv  cut  off  by  erosion,  unconformity,  or  overlap.  The 

numbers  jdaced  alonji  the  side,  however,  show  also  the  customary  ran^C' 
uji  to  the  greatest  thickness  of  which  we  can  be  reasonably  sure.  Still 

,ureatcr  thicknesses  may  and  often  have  been  estimated,  but  in  our  judg- 
ment may  not  have  had  due  allowance  made  for  faulting,  initial  dip,  or 

crushing. 
The  Krcirafiii-Ldiirciitiaii. — These  terms  we  take  to  have  the  same 

stratigrapliic  meaning,  since  the  relations  are  of  intrusive  contact — 
ihe  littler  being  applied  where  the  areas  are  largely  feldspathic  or 
granitic  and  ligiit  colored,  the  other  when  they  are  mainly  of  basic  rocks, 
or  klastic  in  a  good  nuiny  cases,  of  the  nature  of  the  volcanic  tuff  (the 
"(Ireenstone  schist"  or  '-Mareniscan").  In  Michigan  at  least  there  is  com- 
l^aratively  little  if  any  of  the  commoner  types  of  sediment  and  limestones, 
either  in  their  altered  or  unaltered  condition.  Many  of  the  schists  which 
are  fine  grained  and  slaty  enough  to  pass  for  altered  sediments  prove 
really  to  be  altered  felsites.  or  volcanic  ash,  or  something  of  that  kind. 
There  is,  however,  a  little  iron  ore-bearing  jaspilitic  chert  and  rarely 
genuine  black  slates.  Early  conditions  of  erosion  iK^fore  there  was  any 
land  vegetation  Avould  have  led  to  the  formation  of  arkoses  and  tuffs^ 

and  there  may  have  been  less  ocean  of  a  very  ditt'erent  chemical  char- 
acter, accounting  for  the  scarcity  of  ordinary  types  of  sediment.  Gener- 

ally sjieaking  these  rocks  are  more  or  less  saturated  with  granitic  mat- 
ter, either  in  tine-grained  aplitic  or  coarse-grained  pegmatitic  veins,  but 

the  whole  rock  may  be  a  gueissoid  granite.  These  gneissoid  granite 

bosses  generally  occupy  anticlinal  areas,  and  are  the  typical  "Lauren 
tiau."  Around  ^larquette  there  seems  to  he  a  comjtound  synclinal  with 
argillites  in  the  upi)er  }>art  and  some  ill-defined  iron-bearing  beds  which 

may  correspond  to  the  ̂ 'ermilioa  Kange  below,  and  a  great  deal  of 
"Greenstone  schists."  These  latter  consist  of  hornblende  and  chlorite 
schist  and  amphibolites,  including  rarely  "ellipsoidal  greenstones,"  and 
sericite  schists  altered  from  felsites  throughout,  but  especially  in  the 
lower  parts  next  to  the  granite  anticlinal  bosses.  The  total  thickness 
one  can  estimate  not  less  than  1,000  or  more  than  5,000  feet. 
By  Bigsby.  Maclure,  etc.,  this  formation  was  grouped  as  gneiss  or 

granite  with  the  hornblende  slate  under  the  term  jirimitive ;  by  Houghton 
and  his  assistants  as  syenite,  granite,  gneiss  under  the  term  primary; 
by  Logan  as  Laureutian ;  by  Foster  and  Whitney  as  granite  rocks  of 
the  Azoic  period;  by  A.  Winchell  as  granitic  rock  of  the  Plutonic  gToup; 
by  Credner  as  the  Lower  Laureutian  of  the  Eozoic;  by  Brooks  and 

I'umpelly  and  many  other  following  them  as  Laureutian ;  by  Rominger 
as  Huronian :  by  Van  Hise  and  the  U.  S.  Geological  Survey  as  Archean 
(the  basement  and  fundamental  complex)  ;  by  AVadsworth  as  the  Cascade 
formation.  Yet  a  glance  at  the  various  geological  maps  of  Lake  Superior 
shows  that,  however  diflerent  the  connotation,  or  meaning,  and  the 
theories  of  the  various  writers  as  to  relationships,  the  areas  and  rocks 
denoted  were  mainly  the  same. 

Of  other  terms  the  "Mona"  series  is  referred  to  by  Foster  and  Whitney 



26  BOARD  OF  GEOLOGICAL  SURVEY. 

(p.  35),  ill  the  European  sense,  siniilar,  but  probably  not  identical,  with 
the  sense  of  the  term  used  in  the  Marquette  Monograph.  That  and 
*'Kitchi"  are  intended  to  be  s^^TionTiiious  terms,  but  include  some  areas 
of  extra  highly  metamorphosed  Huronian. 

The  term  Mareniscan  {Van  Hiftc  Monograph.  10,  p.  478).  appears  to 
be  a  later  synonym  of  Ke?watin  and  it  was  decided  l)y  the  joint  com- 

mittee to  prefer  the  latter,  but  should  further  discoveries  make  a  local 

Michigan  term  needful,  may  l)e  used,  as  Wadsworth's  term  Cascade  is 
later  and  included,  we  believe,  disparate  things.  The  "Palmer  gneiss'' 
appears  to  be  a  sheared  facies  of  some  of  the  Huronian  members  up  to 
the  Siamo  slate. 

•  It  is  only  fair,  however,  to  be  ready  in  regard  to  so  difficult  a  group 
as  the  earliest  rocks,  to  accept  a  term  even  though  there  be  some  slight 
inconsistency  or  error  made  by  the  author,  provided  only  that  they  are 
not  so  great  as  to  destroy  its  usefulness  by  making  uncertain  its  general 
application. 

Huronian. — The  name  under  which  the  pre-Cambrian  rocks  have  been 
assembled  in  this  state  has  varied.  Among  the  earliest  writers  who  de 
rived  their  information  from  direct  observation  was  Credner,  then  Pro- 

fessor Pumpelly's  assistant,  who  published  a  paper  in  Volume  II  of  this 
survey,  and  whose  thesis  for  the  doctorate  was  on  Die  GJiederting  der 
eozoischen  (I'orsiliirisehen )  Formations-Gnippe  Xord-Ainerikas^,  which 
is,  as  far  as  I  know,  the  first  original  work  published  after  that  of  Foster 

and  Whitney.  Douglass  Houghton's  "metamorphic"  rocks  were  in  the 
Huronian.  Foster  and  ̂ Yhitney,  in  spite  of  themselves,  divided  the 
formations  to  be  considered,  classing  them  all  as  Azoic,  into  granitic 
rocks  (chap,  iii)  ;  iron  ores  and  associated  rocks  (chap.  iv).  Credner 
calls  them  all  Eozoic,  and  divides  them  into  Huronian  and  Laurentian, 
and  the  same  divisions  are  used  by  Brooks  and  Pum|)elly.  As  between 
the  terms  Azoic  and  Eozoic,  Proterozoic,  Archaeozoic  and  Archean  we 

are  not  prepared  to  give  a  final  derisioii.- 
iPublished  at   Halle.   1869. 
-A  dual  division  of  the  pre-Cambrian  is  .strongly  advocated  by  Van  Hise  and  is  widely 

accepted.  But  F.  D.  Adams  In  the  current  volume  (1909,  Vol.  XVII)  of  the  Journal  of 
Geology,  p.  11.5,  suggests  a  triple  division — neo  proterozoic,  Keweenawan  and  Animikie  or 
Upper  Huronian:  meso  proterozoic,  Middle  and- lower  Huronian:  eo  proterozoic,  Keewatian 

and  Laurentian.      See  also   Van   Hise"s  article   immediately   previous   in   the   same  volume. When  a  dual  division  is  used  the  terms  are  either  azoic  and  eozoic.  (Credner  and  Daw- 
son to  W.  B.  Scottj,  or  Archaeozoic  and  Proterozoic.  (Chamberlin.  Salisbury  and  Willis  i. 

Archaean  and  Algonkian  (Van  Hise  and  U.  S.  Geol.  Survey),  or  Laurentian  and  Huronian 
(Dana   and   most   textbooks   twenty   years   ago). 

As  against  the  use  of  any  "zoic"  terms.  Van  Hise  objects  that  as  the  pre-Cambrian is  not  fossiliferous  any  zoic  discrimination  is  impossible.  The  factors  upon  which  he  would 
mainly  depend  are  as  follows :  Lithological  character,  the  younger  division  being  more 
largely  ordinary  sediments  :  widespread  unconformities  ;  relations  to  younger  rocks  :  relations 
to   Intrusives  :    deformation  :    metamorphism. 

It  has.  however,  been  suggested  in  the  Geological  Magazine  for  November.  190S,  that  in 
a  world  where  there  was  no  life  or  where  the  land  was  not  clad  with  verdure  or  the 
air  or  the  ocean  of  different  chemical  composition,  there  might  be  such  different  conditions 
of  sedimentation  that  without  fossils  the  work  of  life  could  be  recognized  and  that  in 

this  direction  might  ultimately  be  found  the  best  grounds  of  division.  Thus,  Van  Hise's 
objection  to  zoic  terms  may  not  be  quite  so  important.  Perhaps  all  would  ag^-ee  that 
at  present  the  line  between  the  two  divisions  of  this  pre-Cambrian  is  not  drawn  at  exactly 
corresponding  points    in   various   regions. 

There  has  been  much  discussion  of  late  of  desert  sedimentation,  by  Walther,  W.  M. 
Davis,  Barren,  Huntington,  and  others.  It  seems  to  the  writer  that  many  of  the  peculiar- 

ities of  the  desert  are  due,  not  to  the  arid  climate  per  se.  but  to  the  fact  that  it  is  devoid 
of  vegetation.  This  we  now  And  practically  only  in  arid  lands,  but  before  the  earth  was 
clothed  with  verdure,  or  moss  or  lichen  existed,  the  land  must  have  been  bare,  and  even 
though  the  climate  were  wet  the  sedimentation  must  have  been  very  different.  In  par- 

ticular, without  organic  life  there  must  have  been  little  chemical  denudation  by  organic 
acids.  This  had  an  effect  in  two  ways.  In  the  first  place,  the  attack  by  CO2  must  have 
been   limited   to  that   in    the  air  or  supplied  in   igneous  rocks.     The  stream.s  must  have  been 
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relatively  low  in  carbonates.  In  the  second  place  the  sediments  found  by  mechanical  rock 

disintegration  which  is  of  much  greater  relative  importance  where  the  rock  is  not  pro- 
tected bv  vegetation  must  have  been  much  richer  in  the  .soluble  bases  which  are  nowadays 

removed"  by  the  organic  acids.  Thus  must  have  been  produced  tlie  ancestors  of  the  arkoses, I'revwackes.  and  sedimentary  gneisses  and  schists,  and  the  peculiar  character  of  the  early 

sediments  upon  which  (^hamberlin,  Salisbury  and  Van  Ilise  have  commented,  may  have 
a  "zoic"  meaning.  More  than  this,  many  have  thought  that  the  early  atmosphere  was 
free  from  oxygen  and  that  the  supply  of  this  to  the  air  is  due  to  plant  life  and  anaerobic 

bacteria.  Tlie  absence  of  organic  disintegration  would  leave  the  other  kind  more  promi- 
nent,— the  volcanic  emanations  of  carbon  dioxide,  chlorine  and  sulphur  in  connection 

with    the   enormous   volcanic    activity    of    the    "greenstone   schists."    Keewatin,    formation. 
These  acid  radicals  would  tend  to  carry  off  iron  to  the  sea,  if  there  was  not  oxygen  to 

precipitate  it  by  oxidation,  though  there  might  be  some  precipitation  as  carbonate  or 
sulphide.  ,        .  ,   i-  « 

There  might  then  have  been  at  the  end  of  the  really  azoic  time  an  accumulation  of 
dissolved  chlorides  of  calcium,  iron  and  other  bases  in  the  ocean,  and  of  sediments,  vol- 

canic agglomerates  and  conglomerates,  and  other  sediments  differing  but  slightly  from 
as.sociated    igneous    rocks,   arkoses,   gneisses,    mica   schists. 

The  facts  with  regard  to  the  earliest  sediments  and  their  included  waters  agree  with  the 
hypotheses  outlined. 

Such  then,  would  be  the  Azoic,  the  earlier  pre-Cambrian.  Then  as  life  came  there  would 

be  a  development  of  more  ordinary  sediments  and  waters  of  rivers  such  as  now  drain 
granite  areas,  with  sodium  carbonate  and  silicate  in  solution,  would  begin  that  precipita- 

tion of  calcium  as  carbonates  and  accumulation  of  sodium  chloride  instead  of  calcium 
chloride  which  has  been  the  dominant  factor  in  the  chemical  evolution  of  the  ocean.  More 
I)romptly,  however,  the  sodium  silicate  and  carbonate  would  react  i.pou  the  ferrous  chloride 
precipitating  the  silica  as  chert  and  the  iron  as  iron  oxide,  and  the  carbonate  as  siderite, 
leaving   the    .sodium    chloride    in    solution. 

Thus,  the  lean,  unaltered,  not  enriched  ferruginous  cherts  of  the  upper  pre-Cambrian  may 
have  been  formed.  Decaying  vegetation  might  also  produce  black  muds  from  which 
graphitic  slates  might  be  produced,  and  limestones  might  be  formed  at  any  stage  by  pre- 

cipitation chemically  or  as  in  the  chara   limes  by  algal   co-operation. 
The  ocean  mav  have  remained  relatively  fresh  and  unfavorable  to  the  secretion  of 

shells,  and  the  rapid  evolution  of  life  into  various  branches  of  the  animal  kingdom  gone 
on  without  hard  parts,  and  without  a  body-cavity  closed  from  the  oceanic  vital  medium. 
But  with  the  steadv  accumulation  of  salts  in  the  ocean,  its  waters  reached  and  passed 
the  phvsiological  optimum  of  eight  parts  per  thousand.  Numerous  different  branches  of 
the  tree  of  organic  life  responded  to  this  change  of  environment  for  the  worse  by  secreting 
calcium  carbonate  or  phosphate,  at  first  as  a  pure  physiological  or  pathological  necessity 
like  renal  calculi.  But  it  at  once  was  found  to  be  of  immense  value  as  a  skeletal  support 
and  protection.  Only  in  some  such  way  does  it  appear  that  we  can  account  for  the 
appearance  of  hard  parts  in  numerous  branches  of  the  animal  kingdom  at  about  the  same 
time.  It  must  be  due  to  a  general  reaction  to  some  general  change  of  environment,  and 
this  particular  change,  supported  as  it  is  by  analyses  of  connate  waters  and  the  general 
drift  of  chemical  evolution  of  the  ocean,  as  well  as  by  the  physiological  evidence  so  acutely 
marshalled  by  Quinton,  is  by  far  the  most  plausible.  This  event  marks  practically  the 
beginning  of  the  Cambrian.  The  classiflcation  which  the  writer  would  suggest  as  probably 
that  of  the  future  is  tabulated  below.  The  connotation  or  definition  is  very  different  from 
that  of  Van  Ilise.  but  in  denotation  or  application  the  only  changes  needed  will  be  to 
remove  perhaps  a  small  portion  of  that  generally  referred  to  as  Keewatian,  as  well  as 
the  Orenville   Limestone  and   associated  beds,   from   the  Azoic. 

The  terms  Azoic  and  Eozoic  may  then  be  reserved  for  the  two  divisions  of  the  pre- 
Cambrian.  when  one  is  trying  to  draw  the  line  at  the  actual  beginning  of  life.  If  some 
unconformity,  probably  not  just  at  that  time,  is  taken  as  a  dividing  line,  then  such  terms 
as  Archaeozoic  and  Proterozoic  may  be  preferable. 

The  line  between  Azoic  and  Eozoic  may  be  provisionally  drawn  at  the  time  when  the 
supply  of  water  to  the  ocean  became  alkaline  rather  than  acid  and  hence  the  accumula- 

tion of  chlorides  of  lime,  iron,  and  magnesia  was  checked.  For  if  this  was  due  to  the 
first  great  extension  of  vegetation  and  evolution  of  oxygen  it  would  account  for  the  fact 

that  "the  first  appearance  of  massive  beds  of  dolomite  or  limestone,  or  chert  and  iron  or .jaspilite,  and   of  black  slate   is  in  the  same  series. 
Such  a  line  as  we  have  said  would  probably  cut  out  from  the  lower  division  the  Gren- 

ville  and  the  Soudan,  but  leave  in  il  most  of  the  Keewatian.  Upon  the  practicability  and 
desirability    of    drawing    such    a    line    will    the    permanence    of    such    a    classiflcation    depend. 
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The  terms  L;uirenii;ui  niul  Ihiroiiiau  Iinve  been  used  pi-eltv  coiitinii- 
ously  in  the  Lake  Sujiei-ior  i-(\iiioii,  and  always  with  alniosi  llu^  same 
pi-actual  ai)])lieatioii,  so  far  as  this  slate  is  ooncerued.  We  think,  there- 

fore, that  we  should  in  them  follow  Creduer  and  Lof>an,  though  it  may 
be  better  to  replace  Laurentian  by  Keewatian.  It  is  at  i)resent  aj;reed 
to  divide  the  Hnronian  into  three  series.  A  (juestion  may  arise  wliether  the 

lowest  of  these  sei-ies,  which  is  considerably  older  than  the  other  two, 
more  eroded,  and  (piite  dilTerent  in  distribution,  may  not  be  the  Grenville 
or  U]»])er  Laurentian.  There  is,  however,  no  local  anibi<;uity  involved,  as 
it  has  always  been  majiped  with  the  Hnronian  in  this  state. 

Eo  Hnronian. — We  use  this  term  in  preference  to  Lower  Hnronian. 
as  that  was  applied  to  the  eo-Huronian  and  mio-Huronian  until  the  three- 

fold division  of  the  ''Marquette"  series  was  reco}j;nized.  The  Marqnettc 
Mono(/r<ip]i  calls  it  Lower  INrarcjuette.  We  had  always  called  it  Mesnard 
(formation  or  series).^  The  U.  S.  and  state  survey  now  restrict  this 
name  to  the  basal  member. 

a)  Mesnard  quartzite.  Well  exposed  on  Mt.  Mesnard  just  south  of 
Marquette;  finely  ripple  marked.  About  250  feet  of  slaty  flags.  Toward 
the  base  is  a  conglomeritic  aud  arkose  quartzite. 

There  are  also  brecciation  beds,  slate,  quartzite,  and  cherty  quartzite 
toward  the  Kona  dolomite  above. 

It  is  at  times  much  metamorphosed  and  sheared  and  may  be  confounded 
with  underlying  beds,  and  is  at  times  cut  by  granites,  but  by  no  means  as 
commonly  as  the  Keewatian.  We  think,  too,  the  granites  cutting  the 
Huronian  have  a  different  character,  being  more  inclined  to  a  coarse 
porphyritic  fades. 

b)  Kona  dolomite,  000  ft.  This  is  a  very  well  marked  horizon  around 
Goose  Lake,  but  is  represented,  we  believe,  on  all  the  ranges  and  in 
the  original  Huroniau,  being  the  Randville  dolomite  of  the  ̂ Menominee 

Crystal  Falls  region,  and  the  I?ad  River  formation  of  the  Gogebic  Range. - 
Extensive  erosion  took  place  before  the  deposition  of  the  mio-Huronian, 
generally  removing  the  slates  above  it  and  often  cutting  deep  into  the 
dolomite. 

c)  Wewe  slates,  300  ft.  The  slates  of  Goose''  Lake,  rarely  left  by  the 
erosion,  but  exposed  on  Garp  River,  Sec.  5,  T.  47  N.,  R.  25  W.,  and  on 
Sec.  12,  T.  47  N.,  R.  20  W.,  black  and  gray  slates. 

Mio-Huronian. — This  we  are  inclined  to  believe  is  the  main  iron-bear- 
ing formation,  not  only  of  the  ]Marquette  range,  but  of  the  Menominee 

range  as  well.  During  this  time  began  an  epoch  of  extrasion  of  basic 
volcanics  at  numerous  points  which  continued  into  the  neo-Huroniau  and 
expressed  itself  mainly  in  intrusives  altered  to  amphibolite  (''diorite"), 
chloritic  schist,  "paint  rock,"  and  uralite  diabase  in  the  mio-Huronian, 
and  nminly  in  ett'usives  and  tuffs  in  the  neo-Hui'onian. 

This  is  Van  Hise  and  Leith's  Middle  ^Marquette;  compare  also  >Vads- 
worth's    "Republic"    and    "Negaunee"    formations.* 

a)  Ajibik  quartzite,  700  ft.  Has  often  been  confused  with  Mesnard 
quartzite.    Grades  upward  through  slaty  phases  into  b). 

^892    Report,    p.    65. 

-Rominger's   "Marble"    Series,   Vol.   IV,   p.   56. 
^Wewe   is  Chippewa  for  "goose." 
*Thougli  he  was  never  quite  able  to  agree  with  what  seems  to  us  the  proper  interpreta- 

tion of  the  stratigraphy  of  the  same,  so  that  tlie  order  as  given  on  p.  CG  differs  so  much 
from  our  views  that  we  could  hardl.v  use  it  without  producing  confusion.  See  1S!»2  Report, 
pp.   64,  66,   110,  etc. 

6 
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6)  f^ianio  slate.  GOO  ft.  Grits,  flags,  and  gravwaekes.  and  giaywaeke 
slates,  with  volcanic  tuffs. 

c)  Negaunee  formation,  1,000  ft.  The  main  formation  of  chertv  car- 
bonates and  siliceous  beds  with  "greenalite"  readily  altering  into  jas- 

pilitic  iron-bearing  formation. 
Near  igneous  contacts  it  also  changes  into  griinerite.  and  other 

amphibole-magnetite  schists. 
Xeo-Huronkin  (Animikie). — The  relation  of  this  series  around  Port 

Arthur  on  the  north  side  of  Lake  ir^uperior  and  along  the  Gogebic  range 
on  the  south  are  such,  both  as  to  the  overlying  and  underlying  rocks,  that 
there  can  be  but  little  doubt  that  they  are  in  general  coeval,  and  the 
graphitic  slate  horizon  of  the  upper  part  seems  to  be  widely  identified. 
We  have  no  hesitation  in  adopting  the  term  Animikie.  There  may  be 
some  question  as  to  whether  it  belongs  in  the  Huronian  at  all.  We  be- 

lieve Lawson  considers  the  greatest  and  most  profound  unconformity^ 
to  come  at  Ihe  base  of  this  formation,  rather  than  for  instance,  between 
the  Mesuard  and  the  Keewatin  or  greenstone  schists;  Adams,  too,  em 
phasizes  the  unconformity  below,  and  it  must  not  be  forgotten  that  the 

Minnesota  Survey  has  held  it  to  be  Cambrian.-  Were  the  (iogebic  range 
alone  to  be  studied  we  might  agree  with  Lawson,  but  there  the  uncon- 

formity at  the  base  of  the  Animikie  represents  the  elimination  of  all  of 
the  mio-Huronian  and  most  of  the  eo-Huronian,  thus  representing  a  good 
part  of  Huronian  time.  Without  question  the  Animikie  is  much  less 
disturbed  than  the  older  formations,  but  we  are  not  prepared  to  say  that 

any  one  of  the  breaks  before  the  Keweeuawan  is  the  "essential  break."-' The  divisions  are : 

a)  Goodrich  quartzite,  400  ft.  This  is  rejiresented  on  the  Gogebic 
range  by  the  Palms  formation  of  red  and  green  quartzose  slates.  But 
there,  as  on  the  Marquette  range,  there  is  a  conglomerate  base,  con- 

taining pebbles  of  jaspilite  and  dolomite  as  well  as  granite.  Basic  tuface- 
ous  material  is  a  sign  of  local  volcanic  activity,  which  continued  from 
mio-Huronian  (part  of  Clarksburg  formation,  etc.)  near  foci  of  which  the 
formation  may  be  very  thick. 

ft)  Bijiki  formation,  300  ft.  This  is  a  cherty,  iron -bearing  member  with 
graphitic  slates,  on  the  Gogebic  range  some  800  feet  thick,  known  as 
the  Ironwood  formation  and  the  main  iron  member.  It  was  not  con- 

sidered in  the  .Marquette  Monofjrapli  so  persistent  as  we  believe  it  really is. 

c)  Michigamme  slate.  A  group  of  black,  graphitic  slates  and  gray- 
wackes,  quite  wide  spread — the  Tyler  slate  of  the  Penokee-Gogebic  range, 
the  Lake  Hanbury  slates  of  the  ̂ Menominee  Kange.  T^sually  not  over 
1,000-2,000  feet  tliick.     On  the  Gogebic  range  apparently,  1,(100  ft. 

Kcweenaivan. — The  term  Keweenawan  used  as  a  technical  name  for  a 
rock  series  is  nearly  synonymous  with  Xipigon,  which  has  a  year  or  so 
priority,  but  was  introduced  practically  simultaneously  in  two  slightly 
different  senses;  and  the  term  Keweenawan  has  been  so  much  more  widely 
used  that  the  joint  committee  agreed  to  retain  it.  Douglass  Houghton 
included  the  Lower  KeweenaAvan  up  to  the  Great  Conglomerate  under  the 

'The  Kparchean  interval. 
-But  Logan  and  Hunt  in  the  original  introduction  of  Huronian— i?S(/«/.s.sf  Oeolofjiqiie. 

p.  28 — considered  Huronian  as  Lower  Cambrian  of  Sedgwick.  At  that  time,  as  in  the  earlier 
editions  of  Dana,   the   Potsdam   was  classed  as   Silurian. 

^Leith   in  A.  L   M.  E.  Trans..  1906.  p.  128. 
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g,eueral  head  "Tin])  rocks"  and  iiiidei-stood  that  "slriclly  in  theii-  chron- 
ological order"  thev  came  after  the  ''nietaniorphic"  sla<es  and  (jnart/ 

rock.  The  Lake  Shore  traps  were  thou<2,ht  of  as  intrtisive  dikes,  so  that 

he  could  «roni»  the  (Jreater  and  Outer  ('on<;!oiiRM-ate  lo<;ellier  under  the 
head  "conglomerate"  and  the  rest  of  the  Kewe<'na\van  above  as  ''mixed 
conglomerate  and  sand  rock.''  Foster  and  \\'hilney  followed  his  divisions 
in  their  map])ing',  including  them  as  the  lowest  divisions  of  the  Silurian 
(wliich,  as  in  tlie  early  editions  of  Dana,  was  understood  to  go  down  to 
the  Azoic  and  include  the  Primordial)  and  as  intimately  associated  with 
the  Lake  Superior  sandstone,  so  much  so  as  not  to  need  any  sejtarate  for- 

mation name.  Ft  has  already  been  mentioned  that  the  latter  has  been  re- 
ferred to  various  ages  from  Triassic  back.  Logan  called  them  the  "Ui)per 

copper-bearing"  rocks;  Brooks  and  Pumpelly  the  Latin  equivalent  ''Cup- 
riferous,'' and  considered  the  formation  conformable  to  the  Iluronian, 

but  covered  unconformably  by  the  Lake  Superior  sandstone,  and  likely 
to  be  more  allied  to  the  former  than  the  latter.  Irving  introduced  the 
term  Keweenaw  ( an ) ,  and  in  Monogniph  V,  p.  24,  recognized  an  uncon- 

formity (disconformity)  of  the  Keweenawan  and  Huronian,  as  well  as 
an  unconformity  above,  esi)ecially  with  the  Mississippi  Valley  Cambrian 
sandstones.  Neither  of  the  unconformities  do  we  doubt.  Hut  they  ap- 
jjear  to  be  with  basal  Keweenawan  beds  disturbed  by  coeval  volcanic 
activity  and  faulting,  and  seem  to  us  quite  comparable  with  inter-Kewee- 
nawan  phenomena,  while  the  Lake  Superior  sandstone  and  the  Tipper 
Keweenawan  ai»]>ear  to  us  closely  associated  not  merely  lithologically  but 

stratigTaphically.i  We  prefer,  therefore,  for  the  present,  to  place  the 
Keweenawan  in  the  Candirian  to  express  that  fact.  If  we  could  but  be 
sure  that  there  was  indeed  a  universal  cycle  of  sedimentation  and  rhythm 
of  geological  activity,  by  which,  all  the  world  over,  crustal  rearrange- 

ments and  volcanic  activity  took  place  simultaneously,  while  at  other 
times  atmospheric  conditions  universally  favored  the  deposit  of  lime- 

stones or  black  shales,  there  would  then  be  more  of  a  temptation  to  com- 
pare our  column  with  the  X\\)i'  column  in  Great  Britain  and  see  in  the 

Longmyndian    red    sandstone  1  /  the   correlates    to   the   Ke- 

and  volcanics  j   \  weenawan. 

Longmyndian  flag  stones  and  j  f  ^^^   .^^^'[^^'^^,^f   ̂ ^    f'f    An- 
shales  and  Russian  schists         ^^^^^^  ̂ f^^^  '^^^^^  '^'^'^ 

J  [  graywackes. 
Bradgate.    Beacon    Hill    and  \  \  the   correlates   to   the  Hu- 

Black    Brook    hornstones  \   ■  {  ronian  cherts  and  jas- 
of  Charnwood  Forest  J  [  pilites. 

The  Keweenawan  would  then  indeed  be  i)re-( -ambrian.  But  far-off 
lithological  correlations  have  too  often  proven  a  will-of-the-wisp. 

There  are  practical  advantages  in  grouping  the  upper  part  of  the 

Keweenawan  which  has  no  igneous  intrusive  or  eft'usive  rocks  and  no 
copper,  with  the  Lake  Superior  sandstones  which  are  similar,  because 
then  the  cop])er  bearing  Keweenaw  Range  can  be  better  brought  out  in 
mapping, 

'See   Animal    Report.    Board   of    Geological    Survey   of   Michigan.    1904.    p.    14?.. 
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AU(;r.MEXT  roH  camhriax  age  (if  keweenawax. 

1.  The  main  aTgiiinent  lor  the  Cambrian  age  of  the  Keweeuawau  is 

tliat  the  I'jtper  Keweeuawan  and  acknowledged  Cambrian  are  so  closely affiliated : 

(a)  Lithologically. — both  red  sandstones  with  much  material  other 
than  quartz  and  red  shaly  beds. 

(b)  Structurally. — both  faulted,  not  folded.  excei)t  in  a  very  broad 
way,  as  part  of  the  Lake  Superior  synclinal.  Thus  they  were  naturally 
by  the  early  writers  taken  as  the  same,  and  the  burden  of  proof  rests 
on  the  one  who  says  they  are  not.  It  is  probable  that  new  observers, 
even  those  who  believed  iu  the  pre-Cambrian  age  of  the  Keweenawau, 
who  visited  the  Sault,  Marquette,  Jacobsville,  Apostle  Islands.  Clintou 
Point,  (Fig.  8,)  Freda,  the  north  shore  of  Lake  Superior,  and  the  south 
shore  of  Isle  Royale,  would  be  quite  erratic  in  the  points  they  assigned 

respectively   to'  the   Cambrian   or  })re-Cambrian. 
2.  No  intrusives  such  as  cut  or  are  effusive  in  the  iliddle  and  early 

Cambrian  in  various  places  cut  the  Upper  Keweenawau, — but  such  dia- 
bases and  melaphyrs  do  sometimes  most  strongly  resemble  Keweenawau 

igneous  rocks. 
3.  It  is  improbable  that  a  venj  considerable  interval  should  elapse 

with  no  (h'posiiion,  and  that  then  it  should  begin  again  with  so  similar 
rocks  as  the  Lake  Superior  sandstone  and  Uj)per  Keweenawau  and  with 
so  little  evidence  of  erosion  of  the  Upper  Keweenawau,  valley  trench- 

ing of  the  same,  etc. 
4.  No  basement  conglomerate  to  the  Cambrian  against  the  Upper 

Keweenawau  has  been  discovered,  whereas  there  is  a  very  strong  one, 
containing  a  wide  variety  of  i3ebbles  of  the  intrusives  as  well  as  extru- 
sives  of  the  Lower  Keweenawau  at  the  base  of  the  LTpper  Keweenawau. 

OBJECTIONS    TO    CAMBRIAN    AGE    OF    KEWEENAWAN. 

1.  The  unconformable  overlap  of  the  Potsdam  (Eastern  or  Jacobs- 
ville and  St,  Croix  I  on  the  Keweenawau. 

Ansucr:  This  is  against  the  Lower  Keweenawau  and  is  to  be  expected 

if  the  later  is  an  igneous  'and  largely  a  land  formation  forming  and 
eroded  during  the  Cambrian   transgression. 

2.  The  continuation  of  the  pre-Cambrian  penei)lain  over  the  Kewee- 
nawau, 

AiisKcr:  Is  it  pre-Cambrian  or  pre-Potsdam  or  possibly  Cretaceous? 
And  does  it  really  so  continue?  Weidmau,  I  believe,  thinks  not.  Does 
not  the  peneplain  in  question  include  the  Niagara  limestone  of  Limestone 
Mountain  ? 

3.  The  lack  of  fossils. 

Answer:  This  is  true  also  generally  of  red  sandstones  and  of  land 
and  fresh  water  formations,  and  would  be  the  more  true  in  a  volcanic 
and  arid  region,  and  at  a  date  ichcn  land  animals  are  not  known  to 
have  existed. 

4.  The  presence  of  pebbles  of  Keweenawau  in  the  Cambrian  along 
the  Keweenawau  fault  shore  cliff. 

Atisirer:    This  is  true  also  of  most  of  the  Keweenawau  conglomerates 
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and  shows  meielv  that  \\\v  loriiialioii  was  exposed  to  erosion  (hiring  its 
formation. 

5.  The  iiiealei-  anionnt  of  distnrhance  of  Ihe  Keweenawan. 
Aiixinr:    Too  j^reat  weight  cannot  be  hiid  on  this  in  a  volcanic  series, 

but  it  is  noteworthy  that  the  Ke\\eenawan  shows  a  steady  approximation 
1o  the  Cambrian  in  such  respects  (freedom  from  faults,  intrusives, 
eftusives,  and  from  hijih  dips)  as  one  ascends  in  the  series. 

6.  The  Htholojiical  difference  between  the  Keweenawan  ami  the  early 
Cambrian  elsewhere. 

Ansin  r:  This  is  really  entirely  in  accord  with  our  conception  of  the 
Keweenawan  accordini>-  to  which  we  should  parallel  the  Keweenawan 
<<)ntrast  to  the  marine  early  Cambrian.  Georfiian  and  Acadian  with  the 

new  red  samlstone  and  red  Permian  with  their  ett'usives  in  Germany, 
contrastin<>  with  the  Alpine  marine  Trias,  and  ajj;ain  with  the  Scottish 
Old  Ked  sandstone  contrasting  with  the  south  of  England  Marine  De- 
vonian. 

1  think  a  careful  study  of  the  lithologic  character  of  the  nearest  early 

Gandu'ian  and  the  intrusives  cutting  the  same  might  even  lead  to  strong 
arguments  in  faror  of  the  Cambrian  age  of  the  Keweenawan. 

A  trip  in  1!»(>8  brought  out  this  dithculty  of  drawing  the  line  between 
the  Upper  Keweenawan  and  the  Cambrian  sandstones. 

On  July  21st  (1008)  I  visited  the  Houghton-Hancock  section  witli 
T^ith  and  Martin.  We  saw  the  conglomerates  dipping  50°  to  G0°  back 
of  the  Upper  Range  station,  then  walked  to  the  abandoned  Atlantic  mill 
crossing  numerous  trajts,  toward  the  end  more  numerous  and  less  steeply 
dipping  conglomerates,  and  at  the  end  where  the  road  turns  up  hill  to 
the  Atlantic  Mine  exposures  of  red  sandstone  and  shale  where  the  dips 
were  still  over  30°. 

Then  taking  ferry  to  the  Hancock  side  of  Portage  Lake  we  saw  the 
Nonesuch  beds  and  the  old  quarry  exposure  near  the  powder  houses, 

black  shales  and  fine  grained  conglomerate  sandstones  with  dip  of  35° 
and  less.     We  also  saw  similar  sandy  beds  up  Swedetown  Creek. 

That  afternoon  we  visited  Freda,  finding  a  section  of  over  40  feet  red 
micaceous  shales  and  impure  red  conglomeratic  sandstones  shelving,  dip- 

ping less  than  10"  to  the  lake.  The  Freda  well  showed  over  900  of  such beds  with  a  salt  water  at  the  base. 

We  left  that  night  for  Saxon,  and  the  next  day,  July  22ud,  we  walked 

about  5i/'2  miles  north  to  the  Lake  Superior  shore,  repeating  a  trip  I 
made  earlier  in  the  season.  About  two  miles  north  we  passed  a  heavy 
conglomerate,  well  exposed  both  in  the  road  and  in  a  ravine  nearby. 
This  is  presumably  the  Copper  Falls  Conglomerate  (outer  conglomerate) 
underlying  the  Nonesuch  shales.  After  this  the  road  descends  rapidlv 
until  about  100  to  200  feet  above  the  Lake.    Fig.  3. 

Descending  into  the  Oronto  valley  from  this  level  we  found  a  short 
distance  from  the  lake  a  considerable  section  of  red  impure  sandstones 
and  shales  dipping  about  52°  to  the  lake. 

Taking  boat  to  Clinton  (locally  called  Marble  or  Cemetery)  point  we 
found  a  set  of  low  ledges,  lithologically  similar,  rii)ple  marked  and 
mudcracked  with  a  somewhat  contorted  cross  bedding  in  ])laces,  but  on 

the  whole  dipping  0°  to  15-  and  at  times  more  to  the  lake.  These  Irving classed  as  Cambrian. 
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Thence  we  passed  to  the  mouth  of  the  Montreal  river.  This  is  crossed 
by  red  shales  and  sandstones  striking  with  the  coast  toward  Little  Girl 

Point  and  dipping  something  like  (55''  and  more  toward  the  lake. This  s^ection  continues  to  and  above  the  falls  for  several  hundred  feet, 
after  which  a  gap  with  no  exposures  occurs  in  which  a  fault,  parallel 
to  that  at  Keweenaw  Point,  might  pass. 

Then  at  the  log  bridge  begins  another  section  of  red  impure  sand- 
stones and  shales  nearly  vertical,  dipping  perhaps  85°  to  the  lake,  fol- 
lowed after  a  few  thousand  feet  by  the  Nonesuch  shale  group  and  the 

heavy  Copper  Falls  conglomerate  beneath  containing  pebbles  apparently 
from  the  Keweeuawan  formations  beneatli,  red  rocks.  i>orphyrites,  etc.. 
as  well  as  of  the  jaspers  and  other  beds  of  Huroniau. 

The  exposures  are  not  continuous  enough  to  speak  with  certainty,  but 
so  far  as  anything  we  saw,  the  Clinton  Point  series,  which  is  lithologi- 
cally  similar,  seems  structurally  analogous  to  the  Freda  sandstones  and 
might  be  included  in  the  Upper  Keweeuawan,  and  yet  Irving  included  it 
as  Cambrian. 

There  is  no  reason  why  there  may  not  be  some  apparent  expansif)n  in 
the  thickness  of  these  beds  by  repetitive  faulting  analogous  to  that  on 
the  south  side  of  the  Keweenaw  Point  Kange. 

The  information  additional  to  that  contained  in  Irviug's  Monograph'^ is  as  follows: 

(1)  The  decidedly  nortliwesterly  dip  at  (I'linton  Point,  the  shore 
here  being  very  rai)idly  retreating  and  probably  not  so  well  exposed 
thirty  years  ago ; 

(2)  The  intermediate  dips  on  the  Oronto  river; 
(3)  The  lakeward  dip  of  the  ̂ lontreal  river  section  and  the  intcrral 

icith  no  exposures  admitting  the  possibility  of  faulting  as  suggested  by 
the  coast. 

Loiter  Keiveenaicaii. — The  conglomerates  which  occur  at  the  top  of  the 
Lower  Keweeuawan  and  below  the  J>,ake  Shore  trai)S  may  perhaps  belong 

stratigraphically  to  the  I'i)]ier  Keweeuawan.  They  contain  a  wide  variety 
of  pebbles  and  large  bowlders. 

The  main  part  of  this  formation  cannot  at  its  thinnest  jtoint  be  put 
down  as  much  less  than  15,000  feet.  Its  base  in  contact  with  the  ujjper 
beds  of  the  Animikie  formation  has  recently  (H.  L.  vSmyth)  been  found 
north  of  the  (iogebic  range.  Here  its  thickness  appears  to  be  near  42,500 
feet,  and  I  do  not  think  it  can  possibly  be  reduced  by  any  allowance  for 
repetition  by  faulting  and  initial  dip  to  less  than  20,000  feet.  Some 
such  thickness  of  rock  with  the  sjtecilic  gravity  of  trap  over  against  an 
equal  thickness  of  granitic  rocks  would  be  needed  to  produce  isostatic 
equilibrium  betAveen  the  bottom  of  Lake  Superior  and  the  Huron  Moun- 

tains. The  general  characteristic  of  the  lavas  which  made  it  up  is  that, 
while  they  run  from  silicious  felsites  and  quartz  por])hyries  to  quite 
basic  rocks,  there  is  nothing  ultra  basic  nor  ultra  alkaline  known. 
Porphyritic  crystals  are  mainly  quartz  and  feldspar.  These  have  norm- 

ally crystallized  earlier  in  the  magnui.  A  marked  second  generation  of 
augite  is  almost  unknown.  Of  the  thickness  only  a  small  fraction  is  sedi- 

mentary and  that  of  a  type  which  may  be  rapidly  accumulated,  so  that 
the  accumulation  of  the  whole  series  does  not  necessarilv  mean  gTeat  dura- 

^U.   S.   Geological  Survey,  No.  V, 
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tioii.  ̂ ^■llon  we  coim'  to  estimate  how  iiukIi  is  sediment,  we  find  that 
coutiiiuous  diamoud-drill  sections  indieate  for  the  majcn-  part  of  it  less 

than  7  per  cent.  (5.H5  per  cent,  in  8,500  feet  near  I'ortafje  Lake,  6.65 
jer  cent,  in  tlie  (>,247  feet  at  Isle  Royale.)  The  <;reater  the  thickness 

probably  the  less  the  jKn-centajie.  ^Iakin<>-  detailed  allowance  for  the 
(treat  and  certain  other  heavy  conjilonierates  at  the  to|>,  we  get  4.250 

feet  for  the  sediments  alone — conglomerates  and  sandstones  of  very 
rapid  deposition  for  the  most  j)art.  A  detailed  section  is  given  in  the 

nkivh-  A'irvr  Rciwit.  Annual  for  1906,  p.  400.  Fairly  persistent  (Isle 
lioyale,  Klack  River,  Keweenaw.  Maniaiuse)  a})pear  to  be  the  following 

divisions  of  the  Kewe<Miawan   iK^ginning  from  below : 

1.  Bohemian  range  group.  (  Irving's  (1)  and  (2),  Plate  XVII)  char- 
acterized by  uiimerons  Hows  of  labradorite  porjihyrite  iyiH^  and  felsites 

near  the  top  and  fre(pient  intrusions  of  straight-walled  diabase  dikes, 
of  felsite,  of  gabbro  and  attiliated  tine  grained  red  rock,  (gabbro  ai)lites). 
North  of  Bessemer,  the  thickness,  igneous  sills  included,  is  .  . .  .9.500  ft. 
There  may  not  be  500  feet  of  sediment. 

2.  Central  (Mine)  group. — Including  the  "Greenstone  gioup,-'  the 

**I*lioenix  ^liue  group."  etc.,  but  only  a  part  of  I*umj)elly's  "Portage 
Lake  series."  Just  about  that  part  of  the  formation  included  aiul  well  ex- 

posed in  the  workings  of  the  Central  mine  on  a  cross-tissure,  exposing 

a  good  section,  examined  by  I'umpelly  and  Hubbard,  and  more  recently 
supplemented  by  diamond-drill  cores  on  the  same  property  (sections  24, 
25,  86.  T.  58  X.,  R.  81  W.)  This  part  has  also  been  developed  in  the 
Clark,  Empire.  Maudan,  Manitou  and  Frontenac,  Cliff,  Calumet  and 
Hecla  and  Torch  Lake.  Franklin  Arcadian.  Isle  Royale.  Winona,  Lake, 

Adventure.  Mass,  and  A'ictoria  sections.  This  is  a  new  name  we  would 
introduce  and  detiue  as  extending  from  the  Bohemia  conglomerate.  Mar- 

vine's  conglomerate  (8)  to  the  "St.  Mary's  epidote."  a  sediment  (volcanic 
ash)  just  above  the  "Greenstone"  which  is  above  Marviue's  conglomerate 
(15.)  Characterized  by  very  heavy  flows  of  ophite.^  some  of  them  hun- 

dreds of  feet  thick,  so  that,  for  instance,  the  "Greenstone',"  the  one  at 
the  top  of  the  series,  extends  beneath  Lake  Superior,  from  one  side  to 
the  other;  often  proportionately  coarse  grained. 
On  Black  River  there  are  ]jossibly  25,000  feet  including  Hows.  At 

Portage  Lake   ( 5,918  i,  say  6,000  feet. 

8.  "Ashbed"  group. — This  group  has  been  named  from  the  Ashbed 
Mine,  or  really  originally  from  a  lode  so  called  by  the  miners,  worked 

at  that  mine,  Marviue's  ((/)  and  {h),  Irving's  (5)  and  (6).  Including 
conglomerates  16  to  18,  characterized  by  frequent  glomerophyrites,  that 
is  relatively  feldspathic  and  fine  grained  flows  Avith  less  lime  than  the 
ophites,  and  volcanic  agglomerates  of  the  a  a  type. 

In  the  Tamarack  shafts     ."   2,400  ft. 
At  Eagle  River  according  to  Marvine  (a)  925  +   (h)  618. 

The  amount  of  well-marked  conglomerate  is  not  over  50  feet  but 
the  amygdaloids  shade  into  beds  of  scoria  mixed  with  red  mud  called 
"ashbeds." 

4.  "Eagle  River'  group. — Marviue's  (c).  characterized  by  a  waning  of 
volcanic  activity  shown  by  the  numerous  (10  or  more)  sandstones  and 
conglomerates,  while  the  interbedded  flows  are  more  of  the  normal  type. 

'See  I'lates. 
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In  the  iipi»er  2,700  (1,417)  feet  Marviue  estimates  8G0  feet' of  sediment. On   Black  River  it  is  given  as  1.417  feet,  at  the  Tamarack  as  1,700  ft. 

5,  6,  and  7.  Copper  Harbor  conglomerates. — The  conglomerates  north  of 
the  Eagle  River  (Ironp  were  gronjjed  together  by  Douglass  Houghton, 
who  considered  the  Lake  J^hore  Traps  as  intrusive  dikes.  When  these 
were  understood  to  be  interbedded  flows,  the  conglomerate  was  divided 
into  the  Great  and  Outer,  respectively,  below  and  above  the  Lake  Shore 

traps.  Hubbard's  studies  around  Copper  Harbor  have  shown  that  there 
are  at  least  three  heavy  conglomerates.  It  is  not  probable  that  the 
lines  l)etween  the  (ireat  Conglomerate.  Lake  Shore  Trap,  and  Outer 

(.Conglomerate  can  be  everywhere  drawn  consistently.  Together  they 
cover  the  period  of  decadent  vulcanism,  and  it  is  not  at  all  likely  that  the 
flows  from  these  last  expiring  throes  filled  the  whole  basin  but  more 
likely  they  occur  irregularly  in  the  conglomerate  series.  It  therefore 
seems  fitting  to  give  a  local  term  to  the  whole  assemblage,  treating  the 
Lake  Shore  trajjs  as  a  lentil  or  lentils  in  the  same. 

5.  "Great"  Copper  Harbor  conglomerate. — Its  thickness,  not  alloAving  for 
initial  dips,  is  say  2,200  feet  at  Eagle  River  and  Calumet,  but  apparently 
much  less,  340  feet,  on  Black  River.  It  has  a  wide  variety  of  pebbles, 
but  mainly  of  Keweenawau  rocks. 

0.  Lake  Shore  Traps. — These  are  apparently  thickest  near  Copper 

Harbor  where  using  »Hubbard's  figures,  they  are  about  1.800  feet  thick. 
They  are  near  900  feet  thick  at  Calumet,  but  at  Black  River  are  only 
about  400  feet  thick.  There  is  at  least  one  well-marked  conglomerate 
in  the  group.  .Vbove  this  group  the  line  drawn  by  Irving,  between  the 
Upper  and  Lower  Keweenawau  marked  by  a  cessation  of  volcanic  activity. 
There  are  also  in  general,  less  dips  and  a  greater  variety  in  detritus. 

7.  Outer  conglomerate. — With  pebbles  representing  all  the  Lower 
Keweenawau  ty])es.  including  intrusives,  amygdules  and  agates,  and  also 
the  Huronian  jaspilites.  Only  1,000  feet  are  given  at  Keweenaw  Point, 
but  to  the  Nonesuch  shale  on  Black  River  it  must  be  much  thicker,  not 
allowing  for  initial  dii)  at  least  3,-500  feet.  Irving  estimates  3,000  feet 
in  the  Porcupines. 
8.  Nonesuch  formation  (from  the  Nonesuch  mine). — Dark  colored 

shales  and  sandstones — owing  their  dark  color  to  the  basic  materiaP — 
a  very  significant  sign  of  heavy  erosion  of  Keweenawau  traps  at  some 
distance.  This  seems  to  be  a  very  persistent  horizon  in  lithological  char- 

acter, in  spite  of  not  being  verv  thick,  being  000  feet  on  the  Porcupines, 
500  feet  on  Black  River,  and  350-400  on  the  Montreal. 

9.  Freda  sandstone.  "Main  body  of  sandstone"  or  "western  sand- 
stone" of  Rominger  {not  Irving).  This  seems  to  need  a  local  name  and 

may  well  take  it  from  the  new  stamp-mill  town  on  the  shore  of  Lake 
Superior,  not  far  from  Portage  Lake  Canal,  near  which  exposures  occur, 
and  a  well  showed  a  thickness  of  over  970  feet  of  sandstones  and  shales. 

The  relation  of  this  to  the  "Lake  Superior  sandstone"  in  general  is  a 
mooted  question.  It  was  included  in  it  by  early  writers.  It  is  much 
like  it  lithologically  and  structurally  though  less  quartzose  and  felisitic, 
and  basic  d(?bris  and  streaks  of  red  clay  may  be  rather  more  common 

'Analysis  of  a  sandstone  from  Toint  -Houghton.  Isle  Rovale.  Is  given  in  the  Minnesota 
reports.  Nnmerous  analyses  of  the  Apostle  Islands  (Cambrian)  sandstone  are  given  in  the 
^^  is^consin  reports.  The  I'ortage  redstone  anlysis  is  found  in  report  for  1892,  p.  157.  They are   given    liere   tabulated. 
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and  the  water  more  saline  than  in  the  Lake  Superior  sandstone  around 

Marquette.^    The  one  mantles  a  granitic  boss  from  which  the  other  was 

Lake  Superior  Sandstones. 

1.  Portage 

Lake  "Red- 

stone." 

2.  Mar- 

quette. 

3.  Isle  Royale 

s  w  of  Si.s- 
kowet  Bay. 

4.  Nonesuch 
Sandstone. 

Silica  Si  O2   

Alumina  Al?  O3   

Ferric  oxide  Fe2  Os   

Ferrous  oxide   

Masrnesia  Mg  O   

Lime  Ca  O   

Manganese  oxide  Mn  O . . . 

Soda  Na2  O   

Potash  K2  O   

Phosphoric  acid  P2O6   

Sulphuric  anhydride  S  O3. 

Water   

82.60 

8.32 0.28 

77.18 

9.69 

3.20 

0.18 

0.55 

0.13 

6.49 

0.05 

0.31 

0.99 

1.48 

0.26 

75.19 

10.78 

4.01 1.05 

0.95 
2.36 

63.09 
18.58 

2.17 

2.73 2.67 

0.18 
4.67 

Q.21 
0.23 

2.90 

1.93 

0  93 

Mn02  .22 

4.54 
.54 

.12 

1.42 
2.69 

1  and  2,  by  F.  F.  Sharpless  report  for  1892,  p.  157.    The.se  are  regarded  by  everyone  as  Cambrian. 
3,  by  J.  A.  Dodge,  for  Minnesota  survey,  has  always  been  mapped  as  Keweenawan. 
4,  by  C.  R.  Gysander  (Cochrane  Chemical  Co.)  of  Nonesuch  Shale.  Thin  section  is  much  like  that 

figured  by  Irving. 

COCHRANE  CHEMICAL  Co. 

Everett,  December  13,  1907. 

Analysis  of  Shale  sample  through  Mr.  A.  C.  Lane,  Lansing,  Michigan. 

First  piece  of  rock  submitted. 

Silica    63  .  09 
Alumina    18 .  58  Copper,  palladium 
Ferric  oxide          2.17  and  sulphur 
Ferrous  oxide         2 .  73  large  trace. 
Titanicoxide   99  (Cu  found  =  .008  % 
Manganese  dioxide    .22 
Lime          1.11  Calculating  P2  O*  as 
Magnesia         2.67  apatite.     CI  =  .011 
Soda  (caustic)         4.54  FI.  =  .021. 
Potash  (caustic)    .54 
Phosphoric  acid    .12 
Water         2 .  69 

99.45 

The  copper  had  gone  in  solution  with  Ammon.  Sulph.  The  insoluble  residue  from  Am^S  contained 
no  Cu  whatever  but  gave  reaction  for  Palladium  (too  little  to  weigh).  10  grm.  rock  were  used  for  the 
determ.  of  Cu.  All  weighings  throughout  were  made  by  the  vibration  method  to  5  places  of  decimals 
and  with  carefully  standardized  weights.  The  second  piece  of  rock  was  not  identical  with  this  first 
piece  as  it  gave  a  copious  precipitate  with  H^S  which  proved  to  be  principally  Palladium  with  a  trace 
of  copper  and  possibly  some  other  platinum  metal.     I  have  been  unable  to  find  gold  in  it. 

C.  R.  GYSANDER. 

separated,  as  the  Nonesuch  shale  shows,  by  extensive  exposures  of  Lower 
Keweenawan. 

Wells  in  unquestioned  Lake  Superior  sandstone  at  Lake  Linden  and 
Grand  Marais  show  that  it  is  over  1,500  feet  thick.    The  dips  are  gener- 

^Analysis  of  a  sandstone  from  Point  Houghton,  Isle  Royale,  is  given  in  the  ̂ Minnesota 
reports.  Xumerous  analyses  of  the  Apostle  Lslands  (Cambrian)  sandstone  are  given  in  the 
Wisconsin  Reports.  The  Portage  redstone  analysis  is  found  in  report  for  1892,  p.  157. 
They  are  given  here  tabulated. 

7 
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ally  less  than  those  of  deposition,  so  that  we  cannot  make  much  use  of 
them.  Irving  estimates  the  thickness  of  Copper  Keweenawan  at  15,000 
feet,  but  this  is,  we  believe,  based  on  the  Montreal  river  section  in 
which  as  above  said  we  suspect  a  repetition  by  faulting.  We  do  not, 
however,  think,  that  the  Freda  sandstone  will  be  decreased  below  4,000 
feet,  even  if  we  allow  1,500  feet  to  the  Lake  Superior  sandstone  and 
make  8,000  feet  for  the  whole  upper  Keweenawan.  We  repeat  that 
we  are  not  at  all  sure  that  there  is  any  other  than  an  arbitrary  dividing 
line  between  it  and  the  sandstone  which  we  propose  to  call  Jacobsville. 

Lake  Superior  sandstone. — This  term  was  used  by  Houghton,  and  has 
been  customary  since,  the  term  Sault  Ste.  Marie  sandstone  being  much 

Fig.  3.  Outcrops  near  Oronto  Bay  and  Wisconsin  Michigan  line. 

later  and  less  used.  It  is  often  and  quite  properly  called  the  Potsdam. 

It  is  necessary  only  to  refer  to  the  supposed  equivalence  with  the  "New 
red"  Triassic  sandstones  which  was  held  by  Jackson,  Marcou,  and  for 
a  time  Bell.  But  accepting  its  approximate  equivalence  and  its  con- 

tinuity with  the  Potsdam,  there  still  may  be  a  quesion  as  to  its  exact 
horizon,  which  can  not  be  exactly  the  same  everywhere,  and  might  be 
widely  different.  It  is  readily  divided  in  outcrop  and  in  wells  into  a 
redder  and  lower  portion  and  a  whiter  upper  portion.  The  line  between 
the  two  may  mark  the  epoch  of  submergence  of  the  iron-bearing  rocks, 
only  a  few  islands  of  granite  and  quartzite  remaining  exposed  to  erosion. 
In  view  of  the  uncertainty  of  the  relation  of  the  three  parts  of  the 
Lake  Superior  sandstones,  as  used  by  Houghton,  separate  names  seem 
to  us  likely  to  be  useful,  and  we  propose  not  only  the  term  Freda  sand- 

stone for  that  west  of  the  Copper  Range,  but  the  term  Jacobsville  (from 
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Jacobsvillo  where  the  famous  quarries  of  Portage  redstone  occur)  sand- 

stone for  that  east  of  tlie  Cojvper  Ran<»e,  and  we  supi)os(;  this  term  may 
ai)itly  to  all  the  Lake  Superior  sandstone  skirting  the  coast  at  intervals 
to  (irand  Island,  Avhile  the  term  Munising  sandstone  is  to  aj)])ly  to  ihe 
upper  250  feet  of  Lake  Sui)erior  sandstone  which  crosses  the  blulfs  back 
of  Munising,  dips  southerly,  and  is  white  or  light  colored.  Houghton 

considered  the  upper  ''gray  sandstone"  (700  feet  ?)  to  be  unconformable 
on  the  lower,  dipping  south,  to  southeast,  while  the  lower  dips  to  the 
north.  The  upper  part  is  well  ripple-marked,  cross-bedded,  friable,  with 
Fucoidcs  (?)  duplex  and  Lingulepis  prima,  and  L  antiqua.  Dikeloce- 
phalus  misa  (?),  Dikelocephalus  (Hall,  PI.  XXIII,  Sa-e,  4),  and  Lingu- 

lepis primiforniis  occur  at  Iron  Mountain  in  the  Ptychaspis  zone.  At 
Marquette  Murray  reports  Pleurotomaria'laurentina  (?)  and  Scolithus 
and  beds  similar  at  Campment  d'Oui^s  close  under  the  Trenton.  At 
Limestone    Mountain,    below   the   fairly   extensive   Trenton    fauna,    are 

Fig.  4.  Illustrates  two  possible  interpretations  of  the  section  from  Rapid  River  to  St. 

Mary's  River.  In  the  one  case  a  slight  folding  is  assumed,  in  the  other  case  a  mere  dis- 
confoi"mity. 

some  conglomeritic  beds  before  we  come  to  the  main  mass  of  sandstone. 

Logan  (followed  by  Grabau)-  mainly  on  the  strength  of  the  (en) Camp- 
ment d'Ours  Island  section  concludes  that  the  Lake  vSuperior  sandstone 

may  "represent  the  Chazy,  Calciferous,  and  Potsdam."  Beside  the  Camp- 
ment d'Ours  Island  section  the  Xeebish  well  also  indicates  a  great 

thinning  of  the  section  below  the  Trenton  to  the  pre-Cambrian  along 
St.  Mary's  river.  But  the  question  remains  whether  it  is  by  a  discouform- 
ity  and  erosion  of  the  Calciferous  and  St.  Peter's  down  to  the  Lake 
Superior  sandstone,  so  that  at  least  most  of  the  sandstone  below  the 

'^Trenton"  limestone  is  Cambrian  and  represents  the  Lake  Superior  sand- 
stone generally,  or  whether  this  sandstone  represents  the  St.  Peter's 

sandstone,  the  'Totsdam"  and  Calciferous  having  been  overlapped,  or 
the  latter  by  a  shoreward  change  of  facies  passed  into  a  basal  sand- 

stone, which  might  represent  continuous  transgression  of  the  ocean. 
The   St.  Peter  sandstone  is  well  marked  at  the  Wisconsin  line,  with 

=Bull.    Geol.    Soc.    Am.,    Vol.    XVII,    np.    582,    G17. 



40  BOARD  OF  GEOLOGICAL  SURVEY. 

a  good  200  feet  of  Calciferous  (Lower  Magnesian  dolomite)  under  it  and 
occurs  also,  at  intervals  along  Green  Bar,  at  least  as  far  as  Rapid  River. 
The  Calciferous  certainly  continues  as  a  thick,  well-marked  formation 
well  bevond  Calciferous  station  and  creek,  and  according  to  Rominger 
clear  to  T.  45  and  46  N.,  R.  1  W.,  and  Neebish  (Anebish)  Rapids.  More- 

over a  few  scattered  wells  to  rock  as  at  Newberry  in  the  center  of  the 

peninsula  do  not  record  any  St.  Peter's.  All  these  facts  favor  the  first 
interpretation  independent  of  the  fact  that  it  seems  to  fit  better  with 
Berkey's  interpretation  of  the  St.  Peter  sandstone,  though  to  be  sure 
it  implies  a  disconformity  at  Campment  d'Oui"S  Island.^  The  flgiire  just 
above  (4)  shows  the  two  view  points,  the  upper  diagram  representing 
the  second  interpretation  which  is  favored  by  Grabau,  the  lower  the  view 
taken  here. 

As  has  been  said  the  total  thickness  of  this  sandstone  and  the  extent 

to  which  it  is  equivalent  to  the  Freda  and  Upper  Keweenawan  sand- 
stone are  conjectural.  As  it  laps  upon  the  areas  of  older  rocks  its 

thickness  diminishes  to  nothing,  and  there  is  often  a  conglomerate  at 
its  base.  Its  composition  is  largely  quartz  and  feldspar  of  the  acid 
varieties  sometimes  up  to  37  per  cent,  of  orthoclase  and  microcline.  The 
absence  from  the  formation,  except  immediately  at  its  contact  with  other 
formations,  of  much  basic  or  even  a  large  amount  of  felsitic  debris  which 
is  more  abundant  in  the  Upper  Keweenawan,  is  one  of  the  reasons  why 
we  believe  there  can  be  no  great  discordance  or  time  interval  between 
this  and  the  Upper  Keweenawan.  It  seems  to  mark  the  culmination  of 

the  same  general  transgression,  when  only  the  granite  cores  were  ex- 
posed and  finally  even  these  were  covered.  The  upper  sandstone  which 

Houghton  called  the  "gray  sandstone"  he  estimated  at  700  feet  thick. 
Wells  indicate  only  some  250  feet. 

Calciferous  formation. — This  formation  appears  to  have  been  called  by 
Houghton  the  sandy  limerock,  and  was  said  to  occur  at  several  points 

on  Sailor's  Encampment  Island  (not  Campment  d'Ours)  near  West  Nee- 
bish  Rapids.  On  Foster  and  Whitney's  map  of  Lake  Superior  it  was 
called  the  Calciferous,  a  name  which  it  has  since  generally  retained 

( Winchell's  map,  1805,  Brooks,  Pumpelly,  and  Rominger's  map  1873.  and 
the  state  survey  since,  U.  8.  G.  8.  Monofirapli  36,  1899,  etc.),  and  has 
indeed  become  imbedded  in  the  local  nomenclature  of  Calciferous  Creek, 

a  branch  of  the  Au  Train  river,  and  Calciferous,  a  station  on  the  Mar- 
quette and  Southeastern  R.  R.,  so  that  it  may  he  retained  even  as  a 

geographic  name.  "Lower  Magnesian  limestone"  has  from  time  to  time 
been  used  as  synonymous.  The  Hermansville  limestone  of  the  Menomi- 

nee Special  Folio  and  Monograph,  pp.  31,  494  (Bayley,  1900-04)  is  this 
formation,  or  some  part  of  it.  It  is  given  as  not  over,  but  near  to,  100 
feet  thick,  and  equivalent  to  the  Chazy  and  Calciferous  of  the  east  on 

Rominger's  authority.  The  wells  along  the  Green  Bay  shore,  however, 
show  a  fairly  constant  maximum  thickness  of  about  250  feet.  Here  flow- 

ing wells  reach  the  Lake  Superior  sandstone  between  600  and  700  feet. 
A  late  record  from  Marinette  shows,  however,  75  feet  of  white  sand- 

stone at  the  top  which  may  be  a  trough  filled  by  St.  Peter  sandstone. 
The  interesting  record  is  in  brief: 

iCf.  Rominger,   Vol.    I,   Part  3,  pp.   64,   70,   77,   82,   and  83. 

i 



ANNUAL    REPORT    FOR    1908.  41 

Quaternary  sand            69-  69 
Galena  and  Trenton         256-325 

Blue  and  brown  limestones  and  dolomites. 

Sand  at  260 ',  red  shale  at  202 '   (St.   Peter  horizon  ?) St.  Peter  (?) 
White  sandstone           75-400 

Calciferous 

Brown  dolomite     ■         60-460 
White  sandstone            70-530 
Dolomite    (Hermansville)             50-580 

Lake  Superior  sandstone 

Upper,  white  sandstone         195-775 
Lower,    pink,    shading    into    conglomerate   of   cherty 

quartzite,  base  uncertain           95-870 
Huronian 

Cherty  quartzite?         108-978 

Another  recent  well  is  Kapid  River  Avell  No.  2.  See  letter  of  W.  IT. 
Hobbs,  Aug.  7,  -07.  Seven  miles  northeast  of  Rapid  River,  Micliijian. 
Owner,  A.  E.  Neff.  Clippings  and  record  in  Honghton.  Cisco,  driller. 

One  sample  dolomite  with  dog  tooth  spar  crystal  and  ''gum"  near. 
TRENTON. 

Top  limestone  12  ft.  to  230.     1904 
Dark,  mixed,  some  sand. 

Limestone          230-290 
Mixed  brown  and  blue. 

ST.  PETERS. 

Sand          302-320 
Round  quartz  sand,  white. 

CALCIFEROUS. 

Limestone          320-355 
Fine  grained,  white,  massive. 

Sand           400-420      . 
Clean,  white,  quartz  sand. 

Sandy  lime          420-430 
White  powder. 

Sand       430-450 
Clean  white  quartz  sand. 

Sand          450-475 
White  dolomltic  powder. 

Sand          475-500 
Quartz  and  white  dolomite  mixed. 

Sand          500-530 
Sand  cemented  by  dolomite. 

Slate   (cased  9  5-8  in.  pipe)       530-555 
Dull  bluish. 

LAKE   SUPERIOR    SANDSTONES,   MUNISING   SANDSTONE. 

Gray,  sandy          630-675 
Round  quartz  and  rarely  other  gr. 

Red  sandstone         675-710 
Light  pinkish  quartz  grains. 

White  sand          710-725 
White  quartz  grains. 

Red  sand          725-750 

Pinkish  quartz  grains.     "725  grit." Water  flow. 
Sand      

Mica,  quartz,  feldspar,  etc.,  mixed. 
Sand          780-830 

12-304  Land  as  here. 

Mica,  quartz,  feldspar,  chlorite.    ''780  red  granite." Arbose?  but  not  rounded. 
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PRECAMBRIAN. 
±875 

Quartz  and  feldspar?  a  pounded  aplite? 
Mean  890 

Feldspar,  chlorite,  mica  hornblende. 
d=900 

Fine  gr.,  dark  feldspar,  chlorite,  etc 
875-1000 

Rusty,  much  mica. 
"Wedged  in  bottom  from  description  in  gabbro." 

It  looks  as  though  thus  close  to  the  Archean  land  mass  the  forma- 
tions were  much  broken  br  unconformities  and  sandstones  (of  course 

allowance  must  be  made  for  imperfect  records),  and  perhaps  the  term 
Hermansville  will  be  fittingly  applied  to  the  lower  50  feet  of  the 
Calciferous.  We  may  compare  the  triple  division  of  the  Calciferous,  with 
the  Shakopee  dolomite,  New  Richmond  sandstone,  and  Oueota  dolomite 
of  Minnesota. 
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f 
NOTES  ON  THE  GEOLOGICAL  SECTION  OF  MICHIGAN.  PART 

II.  FROM  THE  ST.  PETERS  UP. 

A.    C.   LANE. 

Introduction. 

The  writer  has  the  benefit  of  the  work  of  Professors  A.  W.  Grabau 

and  W.  H.  Slierzer,^  thonjih  we  are  not  yet  in  entire  accord 
as   to   interpretation.     Perfect   accord   can,   however,   not   be  expected. 

In  preparino-  the  colnmn.  not  only  tlie  records  of  borinos  given  in 
Volnnie  V  of  onr  reports  and  the  Annnal  Reports  for  1901,  190.3  and 
1904  have  been  used,  bnt  also  records  of  wells  at  Pickford,  Grand  Lake 
near  Alpena,  Strasburg  and  others  yet  unpublished.  The  second,  or 
upper  part  of  the  Michigan  rocks  here  described,  including  Ordovician 
and  Carboniferous,  has  peculiar  interest  in  many  ways.  In  the  first 
])lace  it  stands  as  the  connecting  link  or  field  between  the  standard  New 
York  and  the  Mississippi  Valley  rocks.  In  the  second  place  it  has  not 
been  much  disturbed.  It  is  too  much  to  say  not  at  all  disturbed,  for 
there  is  caught  in  the  synclinal  fold  of  Limestone  Mountain  on  Keweenaw 
Point  the  Niagaran,  so  that  we  are  led  to  infer  that  notable  disturb- 

ances took  place  along  the  line  of  the  Great  Keweenaw  fault  after  the- 
Niagara.  There  are  in  the  Lower  Peninsula  also  signs  of  slight  fold- 

ings between  Dundee  and  Ontarian  and  before  the  deposition  of  the 
coal  measures  (Pottsville;  Lower  Pennsylvanian). 

But  on  the  whole  the  strata  lie  in  one  vast  little-disturbed  persistent 
basin,  in  a  gentle  embaymeut  of  the  great  pre-Cambrian  boss  or  shield 
which  curves  around  them  from  Wisconsin  on  the  west  to  Canada  on 
the  east.  It  is  possible  that  at  the  center  of  this  basin  was  continuous 
deposition,  perhaps  not  always  marine. 

A  notable  feature  is  the  general  fineness  of  the  sediments  and  absence 
of  conglomerates.  These  latter  are  extremely  rare.  If  one  overlooks 
some  perhaps  autoclastic  limestone  calcirudites,  occasional  pebbles  of 
quartz  as  big  as  peanuts  and  in  the  Marshall  a  few  narrow,  thin  bands 
of  conglomerate  containing  very  little  but  quartz,  he  may  say  there  <ire 
none.  The  wide  variety  of  crystalline  and  igneous  rocks  which  lie  only 
a  short  distance  northeast  to  northwest  are  practically  absent  until 
we  come  to  the  glacial  till,  where  they  are  abundant.  These  facts  seem 
strong  grounds  for  believing  that  during  all  the  paleozoic  time  this 
great  area  was  neither  glaciated  nor  violently  disturbed  and  uplifted. 
We  ought  to  have  therefore  in  the  Michigan  section  an  ideal  place, 
were  the  strata  well  exposed,  to  study  those  universal  advances  and 
retreats  of  the  shore  line  which  must  have  occurred  as  the  ocean  level 

was  raised  the  world  over  by  filling  in  of  sediments,  or  lowered  by 
falling  in  of  blocks  of  the  ocean  floor.  Ellsworth  Huntington  and  others 

have  recently  suggested  that  the  progress  of  the  earth's  history  is  marked 

'See  Giabau's  papers  in  Science,  1909,  No.  739,  p.  356  ;  Bull.  G.  S.  A.,  17,  567-636 ;  19, 540-553. 
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not  merely  by  simple  cycles  of  climate  but  iu  a  more  complex  way  by 
periods  of  fairly  uniform  climate  and  steady  conditions  followed  by 
periods  of  rapidly  alternating  conditions  and  extremes  of  climate. 

During  the  relatively  steady  periods  as  Suess  has  remarked  the  con- 
tinents would  be  base  levelled,  and  as  the  products  of  erosion  filled  up 

the  ocean,  it  would  trespass  far  upon  the  continental  areas,  rising  per- 
haps one  foot  in  32,500  years.  This  would  tend  to  produce  relatively 

insular,  oceanic,  equable  warm  climates.  Plains  of  marine  transgres- 
sion would  be  added,  to  those  of  peneplanation  and  denudation  would 

be  chemical  rather  than  mechanical,  and  of  fine  sediments  rather  than 

coarse,  and  the  range  of  land  plant  activity  and  of  oxygenation  rela- 
tively restricted. 

The  result  would  necessarily  be  chemical  sediments,  limestones,  dolom- 
ites, perhaps  salt  and  gypsum,  with  fine  muds  which  might,  like  those  of 

the  Black  Hea,  be  black. 
During  periods  of  disturbance  there  would  be  uplifts  and  down  sink- 

ings, the  waters  would  be  drawn  oft',  erosion  be  quickened,  the  sedi- ments coarser,  the  field  for  oxygenation  larger,  and  the  relative  range 
of  plant  activity  extended  unless  glaciation  or  desert  conditions  pre- 

vailed. Moreover  such  periods  of  disturbance  would,  Huntington  sug- 
gests, be  periods  of  extreme  climates,  not  necessarily  hotter  or  colder 

always  but  perhaps  oscillating  between  one  and  the  other,  in  any  case 
tending  to  greater  extremes  as  do  continental  climates  now.  Would  it 
not  also  be  likely  that  such  periods  would  have  an  extra  amount  of 

volcanic  disturbance  and  outbursts?  In  anj^  case  an  extra  large  amount 
of  land  volcanics  rather  than  submarine  volcanics  might  be  expected? 
It  .is  likely  that  we  can  recognize  already  the  broad  outlines  of  these 
more  steady  and  more  unsteady  periods  as  follows: 

Relatively  steady.  Relatively  unsteady. 
Tertiary  and  Quaternary. 

Jurassic  and  Cretaceous.  Permo  Carboniferous  and  Triassic. 
Upper  Mississippian.  (New  Red). 

Upper  Devonian.  (Old  Red). 
Middle  Devonian.  Lower  Devonian  and  Late  Silurian.? 
Niagaran.  Upper  Ordovician  Lorraine  to  Clinton. 
Trenton-Utica. 

St.  Peter  ss.,  minor. 
(Ozarkian?)   Calciferous.  Early  Cambrian  and  Keweenawan. 

Palms  and  Goodrich. 
Animikie  black  slate.  Possibly  an  oscillation  below. 

Kona  Dolomite  and  Grenville  Keewatin. 
Limestone. 

We  should  not  assume  that  these  periods  of  oscillation  should  be  of 
uniform  length  or  intensity.  The  unsteady  period  between  the  Trenton 
and  Calciferous  appears  to  be  much  less  important  than  the  great  per- 

iod terminating  in  the  Lake  Superior  overlap  (which  in  Michigan  any- 
way may  include  a  good  part  of  Ulrich's  Ozarkian^  as  well  as  the  Cam- 

brian, and  perhaps  the  Keweenawan)  during  which  Michigan  was  out  of 
water  or  rent  by  tremendous  volcanic  outbursts.  Nor  is  to  be  inferred 
that  in  the  rise  and  fall  of  the  sea  level  the  two  occur  at  anything  like 
the  same  rate.     The  rise  of  general  sea  level  due  to  erosion  and  sedi- 

iScience,   XXIX,   1909,  p.   630. 
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mentation  fillini?  up  the  sea  basin  must  be  f>ia«lnal,  and  not  very  great  in 

rauge.^  On  the  other  hand  the  emergence  due  to  great  faults  and  drop- 
ping of  the  sea  floor  may  be  very  rapid,  in  fact  we  shouhl  expect  it  to  be 

much  more  so.  I'ut  emergence  due  to  accumuhition  of  ice  on  the  hind 

and  consequent  shift  of  the  earth's  center  of  gravity  would  be  slow. 
All  these  actions  might  well  be  complicated  by  local  tiltings  and  readjust- 

ments. Thus  we  are  not  safe  in  making  any  a  i)riori  assumptions.  Still 

it  would  seem  to  me  slightly  more  natural  to  sujipose  a  gradual  trans- 
gression due  to  erosion  and  sedimentation,  to  be  then  followed  by  an 

epoch  of  rather  rapid  but  irregular  ui)lift  or  withdrawal  of  the  sea 
for  these  regions. 

An  emergence  sandstone  will  be  relatively  less  extensive  than  a  sub- 
mergence sandstone,  being  rejdaced  around  the  edges  by  an  unconformity. 

Its  transition  to  underlying  beds  is  more  likely  to  be  gradual,  without 

basal  conglomerate  of  the  same,  as  they  were  yet  unconsolidated.  Above 

it  passes  into  deposits  from  rejuvenated  lands,  and  around  the  margin 
it  might  lie  under  terrestrial,  delta  and  fluviatile  deposits,  which  might 
wash  over  it,  as  well  as  be  terrestrial  itself.  Its  connate  water  may 
be  fresh  at  the  margin.  The  sand  itself  being  rehandled  along  a  risen 
coast  is  more  likely  to  be  uniform  in  texture. 

In  many  of  these  respects,  as  Berkey  has  shown,  the  St.  Teter  sand- 
stone is  a  typical  emergence  sandstone  as  compared  with  the  Lake  Su- 
perior sandstone,  and  that  is  one  reason  why  I  do  not  think  it  extends 

into  the  Lake  Superior  basin.  My  remarks  in  Part  I  that  the  view 
point  of  one  studying  drillings  is  different  from  that  of  one  studying 
outcrops  in  such  a  basin  as  Lower  ]\Iichigan,  must  not  be  forgotten. 
The  gaps  due  to  discordances  and  disconformities  are  liable  to  be  much 
greater,  the  emergence  sandstones  less  at  the  outcrop.  Both  the  St. 
Peters  and  the  Berea  I  take  to  be  emergence  sandstones  in  Michigan, 
and  neither  of  them  have  been  recognized  as  outcrops  though  distinct 
in  some  drill  records.  The  base  of  an  emergence  sandstone  is  prob- 

ably a  more  definite  datum  plane  than  that  of  a  submergence  sand- 
stone. 

But  a  change  of  sediments  need  not  imply  a  change  in  sea  level.  A 
change  from  a  wet  climate  to  a  dry  should  make  a  great  difference 
in  the  character  of  the  sediments.  Most  natural  phenomena  that  come 

in  wave-like  series  have  irregular  waves  of  different  lengths  and  in- 
tensities, and  this  is  almost  sure  to  be  so  when,  as  in  the  case  before 

us,  they  are  the  result  of  a  complex  of  factors.  Of  course  if  they  were 

a  simple  result  of  changes  in  the  shape  of  the  earth's  orbit  or  in  the 
inclination  of  the  north  pole  to  that  orbit  they  would  be  fairly  regular. 
But  if  in  addition  to  these  factors,  there  have  been  cycles  of  change  in 

the  composition  of  the  air,  of  accumulated  stress  in  the  earth's  crust  and 
of  yielding  thereto,  we  should  expect  to  find  gi-eat  irregularity,  some 
disturbances  even  in  relatively  steady  times,  and  irregularity  in  the 
length  of  disturbances. 

But  large  disturbances  as  Suess,  Heim  and  Chamberlin  have  em- 
phasized, should  affect  the  sea  level  and  register  themselves  the  world 

'At  the  rate  of  one  foot  erosion  of  a  continent  in  9.120  years  found  by  the  U.  S. 
Geological  Survey,  the  ocean  would  rise  at  about  one-third  of  the  rate  at  present,  or  say 
one  foot  in  32,500  years,  which  might  determine  the  rate  of  growth  of  some  limestone 
strata.  The  total  range  would  also  be  about  one-third  the  total  erosion  so  that  one-third 
of  1,000  feet  would  be  probably  its  limit. 
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over.  For  instance  mountain  making  disturbances  which  separate  the 
Devonian  and  Carboniferous  do  not  seem  to  have  directly  affected  Mich- 

igan, but  they  registered  themselves  in  the  chronology  by  the  Berea  grit 
on  the  eastern  side,  and  on  the  western  by  exposing  the  shales  to  an 
interval  of  weathering  and  erosion  marked  by  a  reddened  zone. 

I  have  prepared  my  notes  on  this  part  of  the  Michigan  column  with 
the  especial  idea  of  helping  students  of  such  problems  as  these  to  obtain 
the  information  they  need.  But  while  I  have  tried  to  give  the  facts 

one  must  be  on  one's  guard  lest  I  have  read  my  interpretation  into 
them.     In  many  cases  one  may  still  inspect  the  drillings. 

11.  St.  Peters  Sandstone. — Outcrops  of  this  have  never  been  recognized 
in  Michigan.  It  may  have  been  confused  with  the  general  mass  pf 
Lake  Superior  sandstone.  There  is  no  lithological  or  paleontological 
fact  to  prevent  the  sandstones  which  we  are  obliged  to  group  with  the 
Lake  Superior  sandstone  from  being  in  part  St.  Peters,  as  Grabau, 
190G,  p.  583,  suggests.  In  fact  in  view  of  the  presence  of  the  Trenton 
limestone  at  Limestone  Point  on  Keweenaw  Point,  there  is  a  little  reason 
why  there  should  be.  Whether  this  sandstone  would  be  an  aerial  land 
deposit  as  Berkey  and  Barrrell  have  suggested,  or  marine,  is  another 
question.  So,  too,  when  we  find  the  sandstone  of  the  islands  of  Sis- 
kowit  Bay,  Isle  Ro^ale,  seeming  to  be  unconformable  to  the  Keweenawan, 
and  the  Apostle  Islands  sandstone  appearing  to  be  an  unconformable 
later  formation  than  the  beds  of  Clinton  Point,  Wisconsin,  which  Irving 
maps  as  Cambrian,  the  question  arises  as  to  their  exact  age.  In  many 

respects  they  remind  one  of  the  unconformable  "conoplain"  sand  deposits 
of  the  arid  west.  Similar  formations  are  also  found  along  the  east 
end  of  Lake  Superior  but  as  no  trace  of  the  Magnesian  or  Calciferous 
has  yet  been  found  beneath  them  anywhere  the  extension  of  the  St. 
Peters  section  as  a  land  or  marine  formation  over  the  Lake  Superior 

basin  is  purely  hypothetical.  Moreover  as  brought  out  by  Berkey^  the 
St.  Peter  seems  to  mark  a  period  of  emergence  and  to  be  very  largely 
composed  of  Avind-handled  products  of  the  beds  so  exposed.  In  some 
places  in  Minnesota  it  is  perfectly  conformable  to  the  underlying  strata. 
It  is  therefore  not  surprising  if  it  does  not  extend  so  far  as  the  beds  above 
and  below,  being  replaced  by  an  unconformity  between  the  Calciferous 
and  Trenton.  If  a  sandstone  were  found  separating  the  calcareous  beds 
of  the  Calciferous  and  Trenton  it  might  be  basal  Trenton,  but  Rominger 
and  others  have  described  Trenton  limestone  beds  lapping  right  up  onto 
the  Huronian  quartzites.  There  is  no  necessity  for  supposing  a  quartz 

sandrock  always  to"  be  present  above  an  unconformity. 
I  would  then  recognize  the  St.  Peter  as  marking  an  uplift  exposing 

Potsdam  and  Calciferous  to  erosion  and  producing  an  emergence  sand- 
stone. This  was  followed  by  submergence  and  transgression,  but  on  the 

whole  emergence  was  dominant  until  the  time  of  the  beds  here  classed 
as  Trenton.  This  Grabau  would  class  as  the  base  of  the  Middle  Ordovi- 
cian  or  Chazyan. 

The  greatest  thickness  of  the  St.  Peter  seems  to  be  to  the  southwest. 
Just  outside  the  state  at  Marinette,  No.  2  well  apparently  gives  75  feet 
of  it  from  325-400  feet.  But  how  rapidly  it  thins  and  how  irregular  it 
may  be  is  shown  by  the  fact  that  at  Gladstone  it  was  not  distinctly  recog- 

ifiull.  G.   S.  A.,   17,  pp.  229-250. 
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nized  and  across  the  Bay  (Sec.  8,  T.  39  N.,  R.  21  W.^  reduced  certainly 

to  less  than  40  feet,  perhaps  represented  only  by  a  red  clay  shale, — 
the  weathered  surface  of  the  t'alciferous  dolomite.  It  seems  to  fill  hol- 

lows in  the  eroded  Cak-iferons  quite  as  in  Wisconsin.  Tt  occurs  at 

Kapid  Kiver.^  Farther  east  it  is  not  known.  The  IMckford  record  is 
imperfi'ct,  and  in  the  Xeebish  samples  if  i)resent,  it  is  indistinguishable 
from  the  Lake  Superior  sandstone.  But  as  I  interpret  the  well  there 
are  a  few  feet  of  Calciferous  there  and  the  St.  Peter  is  absent,  Trenton 

limestone  inunediately  overlyin<>-  the  remnant  of  ("alcifcrous  at  a  depth 
between  18(1  and  205  feet.    Fig.  4. 

12.  Trenton  Limestone.  Under  this  he^id  have  been  grouped,  as  ap- 

pears from  Foster  &  Whitney's  map.  and  the  text  by  them.  ]».  140,  Hall 
and  others,  equivalents  to  the  Chazy.  Birdseye,  Black  Kiver  and  Trenton 
in  its  narrower  sense  of  New  York.  We  are  thus  including  all  the 
Mohawkian  and  the  Chazy.  Grabau  would  include  all  up  to  the  Black 
River  in  his  Chazyan  or  Middle  Ordovician,  and  would  combine  the 
Trenton  with  the  overlying  Utica.  In  a  general  way  it  is  what  Bigsby 

referred  to  (1823,  p.  195-6)  as  the  "limestone  of  St.  Joseph."  He  refers 
to  its  typical  exposures  on  St.  -Joseph  Island  and  describes  and  figures 
(PI.  26,  Fig.  5,  Fig.  9)  the  characteristic  Orthoceras  fauna,  and  Asaphus 
platycephalus  or  A.  barrandi  hall  and  mentions  the  crinoids  and  corals. 
He  also  gives  an  excellent  lithological  description,  mentioning  the  char- 

acteristic '^Birdseye''  texture,  or  as  he  calls  it  ''knotty"  texture  of  some 
parts.  These  exposures  are  described  also  by  Hall  in  Foster  and  Whitney, 
Logan  and  Rominger   (I,  III,  pp.  64-67,  83). 

Pleading  that  neither  at  top  nor  bottom  do  our  dividing  lines  exactly 
agree  in  time  with  the  Kew  York  column,  Grabau  would  suggest  a  local 
name  like  Escauaba.  But  it  is  entirely  unlikely  that  the  dividing  lines 

are  exactly  the  same  at  the  two  ends  of  the  state,  that  is  on  the  Escan- 
aba  and  St.  Mary's  rivers  where  alone  it  has  been,  or  can  be,  studied. 
Still  less  likely  is  it  that  where  it  was  struck  in  deep  wells  at  the  other 
end  of  the  state,  at  Wyandotte,  Dundee.  Monroe,  Blissfleld,  Strasburg, 
etc.,  it  is  the  same.  Yet  all  over  this  vast  area  the  upper  line  of  change 
from  a  black  shale  (Utica)  to  limestone  or  dolomite  is  a  well  marked 

one,  and  of  practical  importance  as  it  is  the  oil  well  driller's  goal.  It 
probably  represents  not  very  far  from  the  same  time.  In  fact  why 
should  not  a  change  in  sedimentation  at  this  point  be  due  to  diastrophism 
involving  an  instantaneous  or  simultaneous  change  over  a  wide  area,  a 
general  retreat  of  ocean  due  to  a  large  drop  in  its  bottom  somewhere, 
both  shallowing  the  sea  and  exposing  the  laud  to  renewed  erosion  and  so 

muddying  the  waters.  Or  there  may  have  been  a  rainier  climate  tend- 
ing to  carry  in  more  mud  and  promote  vegetation.  Or  a  volcanic  out- 

burst may  have  furnished  at  once  a  lot  of  mud  and  a  lot  of  carbon 
dioxide-  to  stimulate  plant  activity.  Why  should  not  the  response  of 
vegetation  to  any  one  of  these  actions  be  more  imnlediate  than  the  adapta- 

tion of  life  to  the  change  of  environment.  The  change  of  fauna  at  the 
top  of  the  Trenton  (thus  defined)  into  the  Utica,  both  Rominger  (p. 
691)  and  Grabau  (p.  353)  find  slight.  The  paleontologist  might  not 
draw  the  base  of  the  Utica  at  exactly  the  same  spot,  but  there  is  no  great 

^See  recoi-ds  above. 
^Compare  the  English  volcanic  Ordovician.  How  was  the  Mount  Pelee  outburst  marked 

on  the  floor  of  the  adjacent  ocean? 
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faunal  change  anvway.  To  combine  the  Utica  and  Trenton  in  one  sub- 
division as  does  Grabau  is  entirely  inadmis.sable  from  the  point  of  view 

of  the  practical  stratigrapher  and  the  oil  man.  On  the  other  hand 
if  the  base  of  the  Trenton  overlaps  the  Calciferous  disconformably,  with 
the  St.  Peter  present  as  a  basal  sandstone,  no  doubt  the  base  may  vary 
in  age  a  good  deal.  I  quite  agree  with  Grabau  that  this  Trenton  time 
marks  a  great  transgression.  The  continent  was  base  levelled,  the  sea 
rising  mechanical  erosion  low.  There  are  no  signs  of  disturbance.  An 
abundant  fauna  suggests  conditions  favoring  marine  animals  until  the 
Utica. 

For  lithological  subdivisions  we  mav  use  the  Wagner  well,  Sec.  8, 
T.  39  N.,  E.  31  W.,  with  the  help  of  the  wells  at  Marinette. 

Galena  limestone,  crystalline,  granular           83 
Limestone,  fossiliferous  55  feet,  white  8  feet  dark  9  feet  ....         72 
Alternating  blue  and  brown,  crystalline,  granular.     With  the 

dark  base  compare  the  Wisconsin  oil  rock         225 
and 

Sandy  limestones,  ''quartz"  6  ft.,  limestone  44  ft.,  quartz  1  ft.,  lime- 
stone 24  ft.,  compare  quartz  sandstone  at  Marinette  at  260- 

275  feet           75 
Wisconsin  Trenton    (Platteville?),  blue  shale  and  limestone....         41 

Blue  shale  4  ft.,  black  limestone  14  ft.,  limestone  19  ft.,  blue 
shale  4  ft.^ 

At  Marinette  too  the  sample  at  290  feet  and  300  feet  to  325 
feet  are  blue  shaly,  (Platteville)  pyritiferous,  and  a  well  near  Maple 
Ridge  shows  that  this  blue  shaly  base  is  persistent.  Beneath  it  is  a 
marked  horizon  for  water.  In  the  Neebish  well  (Report  for  1901,  p. 
227;  1903,  pp.  138-9)  the  bluish  shalier  base  is  distinct  between  158 
and  186  to  205  feet,  but  other  correlations  can  hardly  be  made.  I  do 
not  believe  we  can  tell  where  to  draw  the  line  between  the  middle 

and  upper  Ordovician  on  Grabau's  latest  plan,  his  Chazyan,  and  Tren- 
tonian — Cincinnatian — Xashvillean,  nor  do  I  yet  grasp  just  the  mean- 

ing and  value  of  such  a  line.  It  is  quite  clear  that  tlie  Trenton  as  it 
has  been  used  in  Michigan  and  generally  in  the  west  corresponds  closely 

with  Clarke  &  Schuchert's  Mohawkian,  including  whatever  there  may  be 
of  Chazy,  which  they  subdivided  into  Lowville  or  (Birdseye)  Black  River 
and  Trenton. 

The  section  on  the  Escanaba  river  is  said  by  Hall  to  be  less  than 
75  feet,  p.  144,  and  to  include  15  feet  near  the  top,  gray,  meagerly 
fossiliferous,  p.  146.  Rominger  estimated  it  at  100  feet.  But  a  close 
correlation  of  the  various  outcrops  with  well  sections  has  not  yet  been 
made.  Until  it  is,  it  seems  well  to  be  conservative  in  the  matter  of  names- 
and  while  Escanaba  limestone  suggested  by  Grabau  is  a  euphonious  term, 
it  is  a  question  how  it  had  best  be  used.  My  impression  is  that  it  would 
be  better  to  use  Trenton,  the  old  widely  used  term  in  a  broad  sense  and 
introduce  the  new  term  as  applicable  to  some  accurately  defined  sub- 

division. The  triple  division  above  suggested  might  perhaps  be  im- 
proved for  paleontological  purposes  by  transfer  of  a  few  feet.     I  think, 

^By  a  numerical  slip  in  tlie  Annual  Report  for  1903,   p.  132,  it  is  given  as  51  ft. 
=Chamberlin,   private  letter,  April   16,   1906. 
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however,  that  the  occurrence  of  a  sandy  middle  member,  and  especially 
a  blue  shaly  lower,  will  be  found  widesi)read. 

It  may  he  that,  as  Grabau  su<;gests,  the  typical  New  York  Trenton 
in  the  narrower  sense  of  Trenton  is  represented  in  Michigan  by  what 
we  call  in  the  column  Utica  black  shale.  Even  then  it  would  be  a  ques- 

tion whether  not  to  drop  the  narrow  use  of  Trenton  and  continue  to 
use  it  in  a  broader  sense  nearly  as  equivalent  of  Mohawkian  since  it 
has  been  so  widely  used  in  that  broad  sense.  But  I  do  not  think  the 
facts  are  beyond  question.  The  correlation  of  the  Utica  looks  unques- 

tionable. There  was  no  uplift  separating  the  Trenton  and  Utica.  Why 
should  not  the  marked  and  sharp  change  whether  of  climate  or  other- 

wise which  produced  the  sudden  change  to  the  very  bituminous  non- 
calcareous  shales  have  been  felt  from  Michigan  to  New  York? 

It  seems  then  better  for  the  present  to  retain  Hall's  own  and  familiar 
name  and  correlation.  If  not,  Big-sby's  term  St.  Joseph  would  have  had 
very  strong  claims  for  recognition  as  a  general  term,  but  it  has  been 
used  for  a  Cambrian  limestone  in  Missouri.  His  distinction  from  the 

Niagara  or,  as  he  called  it,  Manitoulin  limestone  "bj^  reason  of  their 
difference  in  lithological  character,  in  organic  remains,  and  in  geograph- 

ical position,"  is  very  clear  for  his  time,  and  the  only  question  is  as 
to  the  relation  to  the  Calciferous,  which  in  its  dolomitic  phase  at  least 
seems  to  be  absent  or  nearly  so  on  St.  Joseph  Island. 

The  Trenton  limestone  marks  the  culmination  of  Ordovician  depression, 

w^hen  the  land  masses  seem  to  have  been  fully  buried  far  and  near  while 
at  the  same  time  conditions  for  animal  life  were  very  favorable.  As 
Limestone  Mountain  on  Keweenaw  Point  shows,  the  Trenton  extended 

much  farther  than  shown  in  Chambe'rlin  and  Salisbury's  map,  Volume 
II,  Fig.  129,  and  probably  over  the  whole  Lake  Superior  region,  which 

may  also  have  been  covered  dui'ing  the  Niagara.  The  Archean  island 
was  probably  buried  at  the  end  of  the  Lake  Superior  sand- 

stone, but  hardly  the  Archean  nucleus,  and  all  was  submerged  again 
during  Trenton  time.  The  thickness  of  the  whole  Trenton  is  best  taken 
from  the  Wagner  wells  (1903,  p.  131),  as  271  feet  including  the 
Galena.  This  agrees  very  well  with  other  wells  along  the  Green  Bay 
shore  and  the  Wisconsin  section,  and  the  records  of  the  Pickford  and 
Neebish  wells  with  the  dip  they  indicate  and  the  width  of  exposures 

in  the  St.  Mary's  river  do  not  indicate  that  it  thins  much  to  the  east. 
Oil  wells  on  Manitoulin  Island  at  Gore  Bay  report  it  250  feet  thick.  I 
do  not  know  any  well  in  the  lower  part  of  the  state  that  has  gone  through 
it,  but  in  wells  in  northwestern  Ohio  it  is  said  to  be  over  780  feet 
thick  and  in  the  Carmen  well  at  Petrolia  G02  feet.  While  called  a 
limestone  it  seems  in  this  state  to  be  often  dolomitic.  Its  regularity  in 
thickness  and  its  uniformity  in  character  all  point  to  relatively  stable 
conditions.  The  transition  upward  is  to  a  black  shale  which  is  in  turn 
uniform  in  thickness.  Grabau  reports  cases  where  the  Utica  black  shale 
and  the  limestones  underlying  seem  to  be  in  reciprocal  relation  as  though 
one  replaced  the  other. 

In  this  state  what  we  call  Utica  seems  fairly  uniform  in  thickness,  sub- 
ject to  error  in  drawing  the  line  between  that  and  the  bluer  shale,  the 

Lorraine  shale  above.  Grabau,  however,  does  not  seem  to  accept  the 
equivalency  of  the  Eden  and  Utica,  but  it  has  been  supported  by  Ulrich 
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and  numerous  others^  and  one  can  not  doubt  that  they  are  lithologically 
continuous  and  homotaxial. 

The  line  between  the  Upper  (Bala  and  Caradoc)  and  Middle  (Llan- 
deilo)  Ordovician  is  in  Europe  drawn  just  above  Coenograptus  gracilis 
of  the  Normanskill,  which  according  to  Grabau  is  Black  Kiver  or  late 
Chazv,  i.  e.  somewhere  in  our  Trenton. 

IZyUtica  shale.     (Eden  of  Ohio). 
In  many  parts  of  the  west  geologists  have  consolidated  all  the  shales 

over  the  Trenton  as  Hudson  River,  Cincinnati,  or  Maquoketa.  In  Mich- 
igan we  seem  easily  able  to  separate  a  black-  shale-  below,  persistent  and 

fairly  uniform  varying  in  thickness  from  50  feet  at  the  north  to  about 
200  feet  at  the  south.  It  does  not  seem  to  be  separated  by  disconformity 
above  or  below,  and  the  conditions  which  produced  it,  wide  spread  as 
they  were,  we  may  well  expect  to  be  universal  in  the  sea  in  w^hich  it  w^as 
formed.  The  correlation  with  the  Utica  or  Eden  of  Ohio  and  Utica  of 

western  New  York  seems  perfectly  satisfactory.  The  base  is  well  de- 
fined but  the  line  between  it  and  the  Lorraine  above  is  not  sharp  and 

probably  not  consistently  drawn,  and  may  have  been  sometimes  carried 
up  to  the  Waynsville,  especially  as  none  of  the  wells  are  represented  by 
samples  every  25  feet  or  less.  Generally  the  Utica  and  Lorraine  have 
been  grouped  together  and  mapped  with  the  Richmond  also  as  the  Hudson 
River  (Cincinnatian  or  Maquoketa).  The  Wagner  and  Pickford  wells 
show  the  characteristic  black  color  of  the  Utica  and  so  do  wells  in  the 
south  part  of  the  state,  in  harmony  (Prosser,  p.  35)  with  what  is  found 
in  northwestern  Ohio,  but  the  Utica  being  a  soft  formation  lying  in  a 
valley  of  the  bed  rock  between  the  Trenton  and  Niagara  limestone  has 
not  been  recognized  in  outcrop,  though  it  may  be  plentifully  recognized 
in  the  drift  near  Newberry  and  Mud  Lake.  The  very  bituminous  char- 

acter of  the  Utica,  together  with  its  thickness,  is  matched  only  in  the 
Devonian  black  shales  (Marcellus,  Genesee  and  Ohio)  and  it  has  not 
been  uncommon  for  drillers  to  come  up  from  Ohio,  and  starting  some- 

where in  the  Coldwater  or  Antrim,  go  down  through  the  latter  and 
swear  they  had  struck  the  Trenton.    The  parallel  will  be: 

Marshall     j  Coldwater  (Waverly  &  Cuyahoga)  1  Antrim  I  Traverse !  Dundee,  Lower  Tren 
Richmond  |  Lorraine  (Cincinnati)  |  Utica     |  Trenton  |     ton  or  Calciferous. 

A  cessation  of  the  depression  that  marked  the  Trenton  and  a  slight 
recession  of  the  ocean  giving  a  chance  for  some  of  the  rivers  that  along 
the  Appalachians  even  in  Trenton  time  had  been  depositing  their  deltas 
to  scatter  their  mud  far  and  wide  may  have  been  enough  to  inaugurate 
this  formation.  Or  would  not  a  change  of  climate  producing  floods  be 

equally  eft'ective? 
14.  Lorraine  or  Maysville.  In  this  we  must  often  include  the  Rich- 

mond as  well  as  the  Maysville,  which  we  can  not  sharply  separate  from 
this  or  the  Medina.  The  beds  are  abundantly  fossiliferous,  and  their 

correlation  with  the  "blue  limestone  and  marls"  of  Cincinnati  and  "upper 
beds  of  the  Hudson  River"  is  attested  by  Hall,  Winchell  and  Rominger. 

iSee  32nd  annual  report,  Indian  Department  of  Geology  and  Natural  Resources,  p. 616-617. 

=50  (201-250)  near  Escanaba ;  also  at  Pickford  (475-525):  75  on  Manitoulin  Island; 
South  Bend,  Ind.  (1,400-1.585):  Strasburg,  Monroe  county.  224;  compare  Dundee.  300; 
^og_ard.    200    and    Monroe    (1,655  7-1,735);    Petrolia,    Ont.,    (3,010-3,175);    Sandusky    Bull.    4 
p.      19     2oily^2* 
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The  Wagner  -well  sliows  for  the  blue  beds  150  feet  and  more,  the  Pick- 
ford  well  shows  215  feet,  and  the  breadlli  of  the  belt  assigned  to  the 
Lorraine  and  Utica  on  the  niajts  with  a  dip  of  40  to  00  feet  to  the 
mile  would  indicate  350  to  450  feet.  They  probably  thicken  at  first 

rapidly  to  the  south,  as  the  (^hcboygan  well  would  indicate  over  343 
feet,  while  in  the  Gore  Bay  well  on  Manitoulin  Island  between  Niagara 
limestone  and  Trenton  there  is  but  285  feet.  At  the  south  end  of  the 

state  the  records  indicate  about  600  feet^  of  shaly  beds  to  be  divided 
between  the  Utica,  Lorraine,  Richmond  and  Medina,  say  200  feet  Utica, 
250  Lorraine,-  150  Richmond  and  :Medina.  The  Lorraine,  therefore,  ap- 

pears to  be  fairly  uniform  in  thickness  throughout  the  rx)wer  Penin- 
sula except  at  the  extreme  north  end,  where  it  may  have  been  eroded. 

The  fossils  of  the  Lorraine  and  Utica  are  closely  allied  to  those  of  the 

Trenton,  and  a  change  of  climate,  possibly  to  one  of  more  rain,  produc- 
ing conditions  more  favorable  to  vegetation  and  to  erosion  and  deposi- 

tion of  fine  sediment,  might  well  be  held  responsible  for  the  change  of 
sediments,  though,  since  at  the  end  of  the  Ordovician  the  Lake  Superior 
island  is  said  to  have  emerged  extensively,  the  sea  level  may  have  begun 
to  shoal  and  the  land  to  be  eroded  earlier,  but  even  in  that  case  i)robab]y 
not  so  as  to  more  than  expose  the  mantle  of  dolomite,  etc.,  Cft  the 
Calciferous  and  Trenton.  The  shales  may  be  due  to  the  weathering 
of  these  limestones.  The  Michigan  Lorraine  is,  like  the  Cincinnatian, 
generally  full  of  fossils.  Elsewhere  Grabau  reports  coarser  and  more 
massive  sediments.  In  Michigan,  however,  it  is  generally  reported  as 
shale.  A  close  examination  will  reveal  calcareous  layers,  soft  and  argil- 

laceous limestones  and  more  flaggy  beds.  The  Cheboygan  well  shows 

largely  limestone.^  E.  R.  Cummings'  remarks*  on  the  conditions  for 
alternate  shale  and  limestone  deposition  seem  just. 

The  line  at  the  top  is  quite  uncertain.  I  may  have  included  beds  cor- 
responding to  the  Indiana  Richmond. 

15  and  IG.  "Richmond  and  Medina  transition  beds.  This  is  the  period of  deposition  of  coarser  matter  and  residual  red  clays  formed  from 

limestone  during  a  period  of  continental  uplift.  Ulricli^  would  class 
the  Indiana  Richmond  with  the  Medina  and  the  whole  group  not  with  the 
Ordovician  but  with  that  above.  I  do  not  doubt  that  he  is  right.  There 
is,  however,  a  convenience  in  gTOuping  it  closely  with  the  shales  below, 
since  it  is  often  lumped  together  with  them  in  oil  well  drillings.  If  it 
is  formed  in  a  period  of  continental  uplift  we  need  not  expect  it  to 
spread  so  far  onto  the  continental  shield.  Except  for  a  few  (26)  feet 
doubtfully  assigned  to  the  Upper  Medina  by  Holt  and  Winchell,  it  has 
not  been  recognized  in  outcrop,  nor  was  the  characteristic  red  facies 
noted  in  the  Pickford  well.  At  Limestone  Mountain  the  interval  from 
Trenton  to  Niagara  is  not  exposed  but  small  and  no  Medina  has  been 
found.  The  Cheboygan  well  shows  that  though  nearly  absent  along  the 
outcrop  it  increases  rapidly  to  the  south,  since  Alden  and  Lane  would 

1534  at  Straiburg. 
2220  at  South  Pend  (1180-1400):  320  at  Strasbirjr,  1340-lGr30:  220  at  Dundee,  with 

300   Utica;    343-i  ?   at   Cheboygan. 
=325st :     2430-2432     Dark,   ditto,   not  so   mnch   sand. 

2432-2437     Ditto,  fine. 
2437-2455     Angular   fragments   of  dark   colored   dolomltie   limestone. 
2455-2750     Dark   colored,    crystalline,    dolomitic    limestone. 

^Indiana   Report   loc.   sit.,   pp.   680-G81. 
^Science,   1909,  p.   630. 
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assign  from  the  beds  pierced  by  that  well  about  142  feet  (22G5-2407) 
of  red  and  green  shale  (perhaps  with  limey  beds)  to  the  Kichmond  and 
Medina.  During  this  period  Richmond  to  Medina  and  Clinton  there  was 
a  relatively  ample  supply  of  iron  to  the  sediments,  as  the  Clinton  ores 
(found  in  Wisconsin  also)  show.  Very  plainly  there  was  also  an  uplift 
so  that  these  beds  were  not  to  any  extent  deposited  along  the  outcrop 
in  the  Upper  Peninsula.  The  source  of  the  iron  may  be  looked  for 
(1)  in  basaltic  debris,  (2)  in  exposure  and  erosion  of  the  underlying  iron- 
bearing  formations,  or  (3)  in  a  climate  which  at  the  same  time  furnished 
vegetable  matter  to  dissolve  iron  and  oxygen  to  precipitate  it.  I  know 
of  no  facts  pointing  to  the  first  explanation.  For  the  second  there 
are  many  arguments.  The  third  explanation  may  also  be  true  in  part 
and  does  not  necessarily  mean  a  wet  climate.  Reds  are  quite  char- 

acteristic of  deserts  and  also  of  hot  climates.  Cummings  has  recently 
described  the  different  horizons  in  southern  Indiana  very  carefully^  and 
agrees  with  Ulrich  that  the  later  Richmond  represents  the  Medina,  the 
culmination  of  an  uplift.  With  this,  Michigan  facts  are  entirely  in 
harmony. 
My  record  of  the  Cheboygan  well  will  be  found  in  the  report  for 

1901.  Alden's  notes  are  as  follows,  showing  an  intercalation  of  Clinton and  Medina  facies: 

r  Dark,  purplish,  ferruginous  material,  reddish  streak, 

16    ]  2265-2281  smaller  particles  in  small  lenticular  disks,  rounded. I  With  this  is  some  bluish  shaly  material,  moderately 
[  calcareous.    Some  particles  rounded. 

f  2281-2307       Fine,  angular,  gray,  dolomitic  material. 
2307-2311  Ditto,  dark  grayish. 

86    1  2311-2316  Ditto. 
[  2316-2367  Ditto. 

8         2367-2375       Fine  buff  quartz  sand. 
f  2375-2407       Dark  purplish,  shaly  material  in  granular  particles 

and  lenticular  disks  as  above  with  blue  shaly  ma- 
terial. 

2407-2425       Bluish  shale,  moderately  calcareous. 
Fine,  dark  brownish  sandy  material.     Partly  quartz 

2425-2430       grains,    partly    dolomitic    particles,    highly    calcare- 
ous. 

At  Port  Rowan,  Canada,  well  samples  show  140  feet  of  similar  red 
beds.  From  the  Carmen  well,  Petrolia,  275  feet  are  reported.  The 
Strasburg  well  shows  40  feet  and  in  the  Wyandotte  (190?),  Dun- 

dee, Monroe  (140  ?),  and  other  wells  of  that  region  near  Ohio  red 
beds  at  this  point  of  the  column  can  be  identified,  but  what  is  note- 

worthy and  significant,  the  records  do  not  closely  correspond.  For 
instance  at  :Monroe  and  at  Toledo  685  feet,  respectively  675  feet,  above 
the  Trenton  is  the  last  distinct  dolomite  sample,  (Clinton?)  with  red 

and  green  shales  below,  whereas  at  Strasburg  a  few  miles  off"  at  (1350- 
1884)  534  feet  only  above  the  Trenton  is  dolomite  with  a  very  red  rock 
beneath  it.    No  such  rocks  are  clearly  identified  in  the  wells  in  the  south- 

*  Cummings,  E.  R.,  32nd  Report  Indiana  Survey,  1907,  pp   621  and  687. 
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west  part  of  the  state,  and  probably  were  never  deposited.  A  simple  ex- 
planation would  be  that  there  was  some  erosion  of  the  underlying  forma- 

tion here  as  well  as  along  the  north  border  and  that  the  red  and  the  ma- 
rine part  of  the  Medina  was  much  restricted.  Grabau  has  suggested 

(compare  also  Barrell)  that  these  red  beds  are  not  marine  and  includes 
the  Medina  as  Clinton.  There  seems,  however,  to  be  a  gradual  transition 
from  the  beds  below,  rather  than  sudden  uplift.  Moreover  why,  if  wholly 
land  beds,  should  they  be  restricted  to  the  center  and  lower  parts  of 
the  basin?  It  should  be  quite  clearly  understood  that  if  the  upper  limit 
of  the  top  of  the  Ordovician  is  taken  at  the  culmination  of  the  uj)lift 
the  series  of  red  beds  grouped  here  will  probably  be  split.  On  the  other 
hand  research  near  the  outcrop  will  probably  show  a  disconformity  with 
a  sudden  change  of  fauna  and  these  beds  more  or  less  absent.  This  dis- 

conformity will  be  the  place  to  draw  the  line. 
No  red  beds  are  given  in  the  Gore  Bay  section  on  Manitoulin  Island, 

the  record  between  the  Trenton  and  the  Niagara  being: 

89  Blue  shale;  perhaps  Kochester  or  Lorraine. 
1     Limestone;  perhaps  Clinton  or  Lorraine. 

29     Shale;  perhaps  Clinton  or  Lorraine. 
1     Limestone;  perhaps  Clinton  or  Lorraine. 

A  disconformity  may  be  looked  for  here. 
90  Blue  shale,  Lorraine. 
75     Black  shale,  Utica. 

{Upper  Silurian  or)   Ontarian. 

Some  part  of  the  formation  just  described  may  be  Ontarian  as  Ulrich 
and  Cummings  have  said,  with  whose  interpretation  of  the  facts  Michi- 

gan stratigraphy  is  in  entire  harmony.  But  as  it  seems  to  mark  an 
emergence  with  an  early  stage  only  in  the  submergence  if  indeed  it  is 
not  a  land  formation  and  as  in  many  of  the  records  of  wells  we  have  to 
include  it  with  the  shale  group  below,  I  have  preferred  to  associate, 
with  the  shales  below. 

18  to  21.  Niagaran — Lower  Ontarian.  The  present  status  of  the 
term  Silurian  is  given  very  clearly  by  Prosser.^  In  its  narrower  sense 
it  may  ultimately  be  replaced  by  Ontarian  for  it  is  not  convenient  to 
use  the  term  Upper  and  Lower  Silurian  as  names  of  periods,  as  we  can 
not  subdivide  conveniently  by  further  prefixes.  On  the  other  hand  if 
we  use  British  terms  we  must  have  some  regard  for  British  usage,  and 
the  earlier  use  of  Silurian  still  continued  by  Geikie  included  much  more 
than  Ontarian. 

The  term  Niagaran  as  used  in  Michigan  includes  in  mapping  Clinton 
to  Guelph,  being  exactly  equivalent,  so  far  as  the  stra^ta  occur,  to  the 
Niagaran  of  Clark  and  Schuchert  and  Grabau,  the  lower  Ontarian.  In 
sections  it  has  been  used  also  in  a  slightly  narrower  sense,  not  includ- 

ing the  Clinton. 

Bigsby,  -1823,  used  the  term  Manitoulin  limestone  in  an  equivalent 
sense,  giving  its  lithological  character,  organic  remains  and  geographic 
position  clearly,  but  while  he,  very  clearly,  distinguished  it  from  the 
St.   Joseph-Trenton     limestone,    and    the    Mackinaw     (Dundee-Monroe- 

'G.  Also  Nathorst,  Geological  Magazine,  1909. 
9 
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Helderberg  in  its  original  broad  sense)  limestones,  lie  did  not  separate  it 

from  the  shaly  beds  immediately  above  and  below,  which  are  indeed  far 

from  conspicuous  in  the  outcrop.  If  we  use  the  term  Manitoulin  these 

limits  may  then  be  set  to  suit  our  convenience  so  long  as  the  local  equiva- 
lents of  the  Guelph  and  Lockport  are  not  excluded.  Farther  field  work 

before  final  delimitation  of  the  word  Manitoulin  is  advisable.  The  cor- 
relations given  are  mainly  lithologic. 

As  the  Trenton  marks  the  first  so  the  main  mass  of  the  Niagara  marks 

the  second  paleozoic  period  of  ''epicontinental  seas"  of  large  transgression 
over  the  continent.  The  fact  that  Niagara  is  found  in  Limestone  Moun- 

tain on  Keweenaw  Point  near  Hazel  Station  of  the  Mineral  Range  Rail- 
road makes  it  highly  probable  that  all  of  Michigan  at  least  was  covered 

and  the  freedom  from  land  detritus  makes  it  probable  that  the  sub- 
mergence was  widespread,  and  whatever  land  left  low,  and  erosion 

mainly  chemical.  We  find  the  limestone  (dolomite)  extending  with  a 
characteristic  clear  but  shallow  water  fauna  far  and  wide,  in  Canada 
and  all  ad>jacent  states.  Elaborate  subdivisions  have  never  been  made  or 
mapped  of  the  outcrops  in  the  Upper  Peninsula.  Well  records,  how- 

ever, show  toAvard  the  center  facies  that  we  may  parallel  with  the  New 
York,  Clinton,  Rochester  (Niagaran)  shale,  the  Lockport  limestone 
and  the  Guelph  dolomite,  and  besides  this  at  least  one  fairly  persistent 
sandv  and  water  bearing  horizon,  the  Hillsboro  Sandstone, 

is!'    Clinton. 
It  seems  to  have  been  well  into  Clinton  time  before  that  part  of  the 

state  where  now  is  the  Clinton  outcrop  was  submerged.  While  all 
writers  recognize  that  the  Clinton  facies  exists  in  the  Upper  Peninsula, 
Rominger  does  not  consider  it  worth  dividing,  and  none  have  tried  to 
map  it  separately.  A.  Winchell  makes  it  but  3  feet  thick.  On  Mani- 

toulin Island  there  may  be  31  feet.  Hall  gives,  p.  154,  Sturgeon  Bay,  this 
section : 

5  Light  gray  Niagara  with  P.  ohlongus  10 
„      .,  1    /-.T  J.         f    4  Thin  calcareous  and  siliceous  beds     6-10  \    ok 
Possibly  Clmton    |    3  shaly  and  mixed  beds  C^/^Wma  15/    ̂^ 

2  Heavy   bedded   greenish    calcareous 
and  argillaceous  limestone  with  chert 
nodules  6 

1  Soft,  brittle,  greenish  20 

Possibly  Medina 

At  Pickford  it  can  not  be  identified.  The  whole  interval  from  Trenton 
to  Niagara  limestone  is  given  as  only  265  feet,  and  no  subdivisions  of 
this  Manitoulin   were  reported   and  only   one  sample  kept. 

The  Cheboygan  well,  however,  shows  (Alden's  notes;  mine  in  report 
for  1901,  p.  231)  some  60  feet  which  may  be  placed  here. 

2206-2236  Fine  sandy  material,  buff,  angular,  moderately  calcare- ous. 

2236-2245  Fine  sand,  slightly  calcareous. 
2245-2252  Dark  grayish  dolomite. 
2252-2257  Grevish  dolomite  and  bluish  shaly  material,  mostly  latter. 
2257-2261  Ditto,  dark,  slaty,  bluish. 
2261-2265  Ditto. 
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lu  the  southeastern  part  of  tlie  state  nearer  New  York  the  Clinton  is 
more  surely  identifiable. 

The  Port  Rowan  well  shows  75  feet  under  the  Rochester. 
The  Carmen  well  at  Petrolia,  90 

Newbui'g,  near  Cleveland,  100  +  ? 
Toledo,  160  ? 
Monroe  and  Dundee  wells,  60  ? 
Strasburg  near  bv,  130; 
South  Roekwood?    65.     (1340-1405). 
Wyandotte  wells,  130  ? 
Argillaceous  dolomite  seems  to  be  the  dominant  rock.  Water  and 

gas  are  often  struck  in  it  under  the  Rochester  shale.  The  thickness 
thus  varies  from  60  to  150  feet  as  in  Ohio.  At  South  Bend  there  are 

argillaceous  dolomites  1180-1300.  In  the  southwest  part  of  the  state  at 
Dowagiac  a  brownish  red  carbonaceous  limestone  at  the  bottom  (1760 
feet)  may  represent  it.  At  Kalamazoo  is  an  interesting  section  as  fol- 
lows: 

Argillaceous  limestone,  brisk  effervescence,  residue   40  to  2120 
Dark  gray  dolomite,  moderate  effervescence   70  to  2190 
Light  buff  dolomite,  slow  effervescence,  clay  and  quartz  resi- 
due   ....!   10  to  2200 

Buff'  dolomite,  slow  effervescence,  specky  fragments   20  to  2220 
Impure  dolomite  with  quartz  and  iron  ore   10  to  2230 
Iron  or  ferruginous  dolomite,  little  quartz,  more  clay   20  to  2250 

170 

Below  is  brown  sandstone  with  quartz,  angular  feldspar  (microcline) 
and  calcite,  which  seems  to  be  the  base  and  the  limit  of  the  Medina  in 
this  region. 

19.    Rochester  shale. 

Above  the  Clinton  a  shale  is  generally  identifiable  in  the  records;^ 
whether  it  is  the  Rochester  shale  or  at  times  part  of  the  Clinton  may  be 
a  question. 
Though  persistent  (with  a  tendency  to  be  an  argillaceous  dolomite 

rather  than  a  shale)  it  is  never  very  thick,  but  usually  30  to  80  feet. 
The  Kalamazoo  section  of  which  there  are  samples,  is  very  interest- 

ing, but  lacks  confirmation.  There  is  always  the  possibility  of  mis- 
placed samples.  It  may  mean  that  this  part  of  the  state  was  out  of 

water  at  intervals  up  to  Guelph  time,  and  that  after  the  Clinton  there 
was  a  minor  re-emergence  as  at  the  time  of  the  Richmond  Medina  beds. 
The  succession  is  on  a  smaller  scale,  the  same,  limestone,  shale  and 

red  beds.  It  is  also  worth  noting  that  the  shale  is  "red"  in  the  Carmen 
well,  Petrolia,  that  "red  rock"  occurs  just  above  this  slate  at  South 
1  C!ompare  Port  Rowan,  Canada   1220  or  less  to  1245; 

Carmen,  Petrolia,  Canada   2.380-2440; 
Wallaceburg  with  Clinton   1920-2035; 
Wyandotte   1860-1870; 
South  Roekwood   1295-1340; 
Monroe   (absent?) ; 
Strasburg   1100-1170; 
Dundee   1473-1503; 
Kalamazoo   2000-2040  with  red  sandstone  on  top; 
Cheboygan   212.3-2206;  (83) 
Gore  Bay,  Manitoulin  Island..     46-  135     89  feet. 
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Rockwood  (1285-1295  feet  deep)  near  Detroit,  and  the  Strasburg  sample 

on  top  of  the  Clinton  suggests  emergence.  The  considerable  faunal 
difference  also  points  to  quite  a  break  between  the  Clinton  and  Niagara. 
That  during  the  whole  period  Richmond  and  Medina  to  Rochester  shale 
the  ocean  was  relatively  low  is  also  shown  bv  the  absence  of  anything 
to  represent  these  formations  but  mere  remnants  of  Clinton  in  eastern 
Wisconsin.  Toward  the  end  of  the  time  of  the  Rochester  shale  then, 
the  shore  line  probably  passed  through  Kalamazoo.  This  is  the  more 

interesting  because  just  southwest  in  Illinois^  the  Clinton  is  usually 
about  as  thick  as  in  Michigan,  and  is  followed  by  a  long  break  in  sedi- 

mentation. Thus  we  may  imagine  that  region  emerging  at  the  close  of 
Clinton  and  staying  so  until  after  the  Guelph,  while  Michigan  did  not 
emerge  at  Kalamazoo  until  after  the  Rochester  shale  and  then  at  most 
during  the  lower  part  of  the  Lockport  and  Guelph  time  only. 

The  peculiar  feature  of  this  time  seems  to  be  an  oscillation  or  tilting, 
the  Clinton  extending  more  to  the  south,  the  Rochester  and  Niagara 
opening  up  to  the  north,  and  from  the  time  of  the  Richmond-Medina 
until  after  the  Rochester  shore  lines  seem  to  have  been  in  Michigan,  with 
the  continental  shield  fairly  high. 

20  and  21.     Lockport  and  Guelph  Dolomites   (Manitoulin). 
The  Lockport  and  Guelph  have  different  fossils  but  have  never  been 

separated  paleontologically  in  Michigan.  The  upper  limit  against  the 
Salina  or  Monroe  is  marked  only  in  this  way,  that  the  Guelph  is 
peculiarly  hard  and  peculiarly  white.  One  cannot  absolutely  depend 
upon  the  presence  or  absence  of  anhydrite  as  a  dividing  line.  It  is  con- 

venient at  times  to  separate  off  the  lower,  less  white  and  uniform  part  as 
Lockport.  The  total  thickness  of  the  two  at  maximum  seems  fairly  per- 

sistent and  uniform,  across  the  lower  part  of  the  state  350  to  270  feet. 

At    Wyandotte  from   1510-1-   for  350  ft.  (Orton). 
Strasburg  from        800 -H   for  .300  ft.  or  370  ft. 
Monroe  from  5.50  or  700  down  to       900  or  1050,  about  350  ft. 
Dundee  from  1193  or  less  to  1473,  280  and  more. 
Nogard  from  1269  or  less  to  1640.  about  371. 
Milan  from  1545  or  less  to  1643? 
Britton  from  1550  or  less  to  1643 -f-    (white  as  sugar;  Guelph  water  at   1600  ft,  also at  Blissfield). 

Riga  from  1165  or  less  to  1275 -t-   white  Guelph. 
Coldwater  to  2050. 
Niles  from  985  or  less  to  11454- ? 
Kalamazoo  from   1730  or  less  to  2000,  270  (from  1875  to  2000  a  sandstone). 
Dowagiac  from      1100?  or  1325  to  1670,  335. 
South  Bend  from  600?  or  900  to  1180,  580  or  280. 

The  latter  figure  corresponds  more  closely  with  the  southeastern  part  of  the  state  and 
is  really  better,  continuing  up  only  to  the  top  of  the  very  white  limestone,  but  in  this 
part  of  the  state  the  overlying  beds  are  relatively  free  from  salt  and  gypsum. 

The  Kalamazoo  section  is 

White  dolomite    145  1730-1875 
Red  sandy  shale    45  1920 
White  sandstone    150  1970 
Red  sandstone    30  2000 
Dark  Rochester  shale    80  2080 

Dowagiac 
Light  dolomite  with  a  Httle  sand      175  1100-1275 1670? 

At  the  north  part  of  the  state  it  apjjears  to  be  thicker.    The  well  No. 

1  Savage,  Illinois  Survey,  Bull.  No.  8,  p.  108. 
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2  St.  Ignace  gives    just  GOO  feet,    aud    at    Cheboygan    (1525-2123)    the 
figures  are  almost  exactly  the  same. 

Exti-eme  whiteuess  of  the  upper  part,  occasional  grains  (1%  or  2%)  of 
sand  as  though  wind  blown  in  the  dolomites,  and  occasional  beds  of 
sandstone  are  characteristic  all  over  the  state. 

At  St.  Ignace  we  have:  At  Cheboygan: 
White  dolomite    60  65 
Water  bearing  sandy  dolomite. ...  .  15  35 
Hard  cherty  dolomite    7 
White,  somewhat  sandy  dolomite. . .  196  220 
Brown  and  mixed  dolomite    232  185  (Coral  beds    +    Wisconsin  Byron) 
Limestone    90  71  (Lockport?) 

600  576 

It  is  exposed  only  in  the  Upper  Peninsula.  It  forms  the  shore  of 

Lake  Michigan  and  Huron  in  a  continuous  ridge  which  rises  to  the  north 
almost  at  the  dip  of  the  beds,  which  is  about  50  feet  to  the  mile,  from 
the  lake  level  580  feet  A.  T.  in  somewhat  less  than  10  miles  to  an 
elevation  of  about  800  feet  A.  T.  Here  and  there  it  outcrops  and  very 
often  the  soil  over  it  is  thin. 

While  as  a  whole  it  is  dolomitic  there  are  horizons,  notably  that  of 
the  Fiborn  and  Eex  quarries  which  run  nearly  pure  calcium  carbonate. 
They  probably  occur  in  the  lower  part  beneath  the  Guelph. 

This  and  the  absence  of  sediment  and  the  absence  of  iron  (for  vegeta- 
tion brings  iron  into  solution)  and  the  fact  that  it  is  succeeded  by  a 

salt  series  suggests  that  the  climate  was  not  a  very  rainy  one. 
22.     Salina    (or  Lower  Monroe), 

The  term  Monroe  was  introduced  by  me  in  1893^  to  1895.  and  as 
at  first  used  without  definition  did  not  include  all  the  beds  down  to 
the  Niagara.  In  my  later  and  more  formal  definition  (Volume  Y)  I 
made  it  include  practically  all  the  Silurian  above  the  Niagara,  having 
found  it  impracticable  to  separate  the  Salina  from  the  beds  above.  The 
difficulty  still  remains.  The  last  salt  bed  is  not  always  at  the  same 
horizon.  According  to  Grabau  there  should  be  a  marked  hiatus  and 
disconformity  between  the  Niagara  and  the  next  overlying  beds  in  Mon- 

roe county.  The  thickening  which  is  rapid  and  very  great  as  we  go 
north  would  then  be  practically  by  addition  of  beds  at  the  bottom 

formed  during  this  disconformity.-  Now  comparing  wells  at  Britton, 
Milan,  Romulus  and  Wyandotte  we  do  find  an  increasing  thickness, 
and  five  feet  of  rock  salt  at  Milan  seems  to  be  almost  directly  above 
the  Niagara  where,  as  in  Wyandotte  there  are  275  feet  of  dolomites 
below  the  rock  salt  and  above  the  white  dolomite.  The  rock  salt  at 
Milan  is  717  to  722  feet  below  the  base  of  the  Sylvania,  and  mai/  be 
continuous  with  a  bed  790  to  900  feet  below  it  at  Wyandotte  1080-1190 
or  1235.  Again  as  we  go  north  the  salt  beds  seem  to  occur  higher  up. 
Gypsum  (anhydrite)  certainly  occurs  above  the  Sylvania,  and  it  is  not 
very  easy,  though  it  may  be  possible,  to  separate  off  a  part  of  the  Mon- 

roe as  Salina.  The  thicknesses  given  by  Grabau  for  the  Monroe  below 
the  Sylvania  add  up  500  feet.  Salt  occurs  below  the  Sylvania  usually 
within  450  feet. 

iReport  for  1891-2,  p.  66. 
2Bull.  G.   S.  A.,  19,  p.  554. 
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The  Salina  would  then  be  about  as  follows,  as  to  thickness :  Britton, 

1180-1550  (370);  Milan,  1025-1545  (520);  Strasburg,  0-485  (485+); 
Trenton,  720  or  850-1341  (491)  ;  Wyandotte.  730-1510  (780)  ;  Romulus, 
925-1603+  (678+)  ;  Edison,  Ft.  Wayne,  646+;  Royal  Oak,  1543-2502+ 
(959+);  Stroh,  Detroit,  1150-1815+  (665+)  ;  Goderich,  Canada,  916- 
1517  (601+?).  At  Carmen  well,  Petrolia,  there  is  895  feet  from  the 
upper  salt  to  the  Niagara. 
Back  up  to  the  southeast  on  the  Cincinnati  anticlinal  the  salt  dis- 

appears. For  instance  at  Wallaceburg  (not  far  from  Petrolia)  only  320 
feet  of  gypsiferous  dolomites  are  reported;  no  salt.  Nor  was  any 
struck  in  1720  feet  at  Pt.  Lambton,  but  at  Algonac,  Marine  City  and 
Courtright  it  Avas.  At  Sucker  Creek,  Anderdon  township,  about  4  miles 
E.  and  S.  E.  of  Ballards  Reef,  Detroit  River,  a  well  which  had  the 
Sylvania,  I  presume,  at  440  feet  had  no  salt  down  to  1125  feet,  though 
there  was  gypsum  at  667-683  feet,  and  salty  water  at  1075-1080  feet. 
The  six  Church  wells  at  Trenton  show  the  exact  edge  of  the  salt  pro- 

ducing area  there  as  it  occurs  in  only  one  of  them,  and  the  Monroe, 
Dundee  and  Britton  wells  do  not  show  it.  The  Milan  well  shows  five 
feet  only. 

It  is  difficult  to  tell  where  to  draw  the  top  of  the  line  of  the  Salina 
in  such  case  where  no  salt  exists,  and  that  is  the  excuse  for  considering 
the  Salina  as  perhaps  Lower  Monroe.  We  have  only  lithological 
grounds  to  identify  it  with  the  New  York  Salina,  and  it  is  altogether 
unlikely  that  the  top  can  be  drawn  consistently  on  such  grounds.  One 
can  only  go  400  feet  below  the  Sylvania  sandstone  if  present  and  then 
take  the  top  of  the  nearest  salt  or  gypsum  bed.  This  gives  fairly  con- 

sistent results. 
The  Carmen  well  record  runs  between  1210  and  2105  feet  as  follows : 

Salt,  65;  dolomite,  20;  salt  and  light  streaks  of  dolomite,  170;  salt,  90; 
salt  and  dolomitic  lime,  50 ;  salt,  25 ;  gray  dolomite,  10 ;  salt,  67 ;  dolo- 

mite and  salt,  40;  salt,  138;  dolomite  and  lime  shale,  130;  salt.  90  to 
2105.  There  is  usually  quite  a  gap  without  salt  above  the  lowest  and 
largest  salt  beds.  Compare  Wyandotte,  970-1080,  and  the  Edison,  Ft. 
Wayne  well,  1292-1400  feet.  Along  the  St.  Clair  river  we  have  numerous 
records  given  in  Volume  Y,  and  the  Diamond  Crystal  Salt  Co.  found 

in  well  No.  5  below  1630  feet,  30  feet  to  1660,  20 'feet  to  1768,  10  feet to  1783,  24  feet  to  1883,  10  feet  to  1903,  252  to  2165,  the  latter  prob- 
ably the  next  to  the  first  salt,  since  there  is  no  large  gap  above.  Be- 

tween was  "lime,"  i.  e.,  dolomite  and  anhydrite. 
This  same  big  250-foot  salt  bed  is  struck  in  other  holes  by  them,  and 

may  be  also  the  bed  struck  at  Zug  Island,  S.  Detroit,  as  reported  in 
the  Detroit  Sunday  Tribune  at  129^0-1528,  but  by  the  River  Rouge  Im- 

provement Co.  at  1180-1573;  in  Solvay  No.  17  at  1400-1599,  and  in  the 
Edison,  Ft.  Wayne  well  at  1445-1636  feet.  (Compare  Royal  Oak  2115- 
2475.)     We  see  a  thickening  away  from  the  Cincinnati  anticlinal. 
How  far  this  thickness  would  extend  down  the  dip  we  do  not  know, 

as  the  formation  has  not  been  followed  beyond  Royal  Oak.  In  the 
southwest  part  of  the  state  no  rock  salt  occurs,  and  all  the  Dundee 
and  Niagara  together  do  not  amount  to  what  the  Upper  Monroe  alone 
is,  on  the  east  side  of  the  state.  It  is  possible  that  this  part  of  the 
state,  as  before  at  the  time  just  before  the  Niagara,  was  more  elevated 
and  more  often  exposed  io  erosion.    The  samples  from  1490  feet  to  1730 
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feet  at  Kalamazoo  rei)reseut  the  Upper  and  Middle  Ontarian  and  are 

dolomites  with  more  or  less  anhydrite  and  (piartz  and  .s-oo/c  red  clay. 
The  Avater  as  illustrated  by  the  Benton  Harbor  and  St.  Joseph  analyses 
is  very  salty.    The  record  may  be  sunnnarized  at  Kalamazoo  as  follows: 

Dolomite  and  anhydrite    40  1490-1530 
Ferrnjiinous  dolomitic  limestone      15  1545 

A  disconformity  here  perhaps. 
Ferrnoinoiis  dolomite      25  1570 
Dolomite  and  anhydrite      160  1730 

Always  a  laro-e  residue,  insoluble  in  H  CI,  of  anhydrite,  especially  at 

1G50  feet,  quartz  and  red  clay  suggestive  of  "disconformities  and  near- ness to  shore. 
Now  if  this  was.  part  of  the  time,  shore  for  land  southwest,  we  should 

expect  to  find  still  less  at  Dowagiac.  I  am  inclined  therefore  now  to 
raise  the  Niagara  at  Dowagiac  even  more  than  I  did  over  Wright  in 
Volume  Y,  to  wit,  up  to  1100  feet  or  1135  feet,  taking  in  all  the  light 
limestones.  The  Dowagiac  Monroe  would  then  be  only  100  feet,  (1000- 
1100)  dolomite  with  10  to  30%  anhydrite  and  quartz.  If  so,  then  the 
Niagara  would  come  in  the  white  limestone  at  the  base  of  the  Niles 
well  and  the  Monroe  be  between  625  feet  ̂ nd  985  feet. 

The  Bridgman,  Benton  Harbor  and  St.  Joseph  wells  entered  the 
Monroe  without  piercing  through  it.  From  Grand  Rapids  and  Mus- 

kegon deep  Avells  no  samples  were  kept,  and  they  are  not  of  much  use 
in  this  connection.  The  outcrops  near  Milwaukee — the  Waubakee  dolo- 

mite of  Alden — Lower  Helderberg  of  earlier  writers  is  probably  higher 
than  Salina.  At  Ludington  and  Manistee,  however,  rock  salt  was 
struck,  but  apparently  there  is  but  one  layer. 
A  record  of  a  Ludington  well  put  down  by  J.  S.  Stearns,  with 

samples,  is  found  in  the  appendix. 
There  is  some  question  about  omitting  from  this  section  the  Dundee, 

generally  so  persistent.  But  it  is  certainly  not  well  marked  unless  the 
Traverse  has  shrunk.  And  as  we  find  over  across  the  lake  at  Milwaukee 

the  Traverse  and  Monroe  (Milwaukee  and  Waubakee  of  Alden)  repre- 
sented, and  not  the  Dundee  or  Corniferous  it  is  more  natural  to  sup- 

pose the  Dundee  absent  here  also.^ 
At  Muskegon  from  1700  feet,  the  base  of  the  black  shale,  down  to 

"gypsum  and  lime  in  streaks"  is  650  feet.  This  latter  point  may  be 
the  top  of  the  Salina,  which  would  then  extend  from  2350  to  2G27.  A 
division  between  light  and  dark  at  2100  feet  would  match  the  top  of 
the  brown  sandy  dolomite  at  Ludington?  and  mai/  be  the  base  of  the 
Dundee. 

At  Manistee  are  a  number  of  wells.  Three  records  are  given  in 
Volume  V,  and  many  additional  facts  in  the  report  for  1901,  p.  235. 
The  records  run  300  to  400  feet  higher  than  in  the  Stearns  well  just 
given.  For  instance  one  of  the  recent  Peters  wells,  of  which  A.  W. 
Farr  kindly  sent  samples  is  about  as  follows: 

^This   is  a   radical   change   from   earliest   correlations. 
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Pleistocene  drift        614 614 
Antrim  black  shale    346 960 
Traverse                     635 1595 

Perhaps  some  blue;  S.  at  800  black. 
At  978  caverous  limestone;  at  1350  bituminous  lime- 

stone and  gypsum;  at  1375  brown;  1400  and  1425 
1450,  1475,  1490,  pepper  and  salt  color  and  black 
and  brown;  at  1500  blue  and  at  1550  shale  and 
1595  shale  and  lime.  There  is  probably  about 
95  feet  of  Bell  (Marcellus)  shale. 

Dundee  50         1645     Brown,  sandy  and  rusty,  fiercely  effervescent. 
Monroe  381         2026     Not  effervescent  1650;  very  red  1668  and  1690;  chert 

and  limestone  at  1700;  red  1720  and  1750;  light 
lime  1760;  red  and  buff  1790;  buff  1830;  1860;  oil 

and   gas   at   800   and    1900.     Salt    1988-2026. 

The  irregular  red  and  riisty  character  of  the  Dundee  samples  and  the 
way  it  varies  in  the  wells  suggests  a  near  shore  deposit  frequently  in- 

terrupted by  disconformities.  The  Canfield  and  Wheeler  well  XXXI 
of  Volume  V  was  continued  below  the  record  there  given  from  1947  to 
2270,  perhaps  to  2500  feet,  and  no  more  salt  was  found,  only  a  hard, 
white  lime  rock  which,  from  the  samples,  appears  to  be  Niagara.  The 
top  of  the  Monroe  is  between  1604  and  1705.  So  there  is  not  over  242 
to  343  feet  of  ̂ lonroe. 

Of  the  Frankfort  well  no  samples  have  been  kept,  but  I  am  told  that 
the  wells  were  put  down  deep  enough  to  have  reached  the  Niagara 

(1800'-2200')  ^^ithout  striking  rock  salt  and  without  reaching  a  very 
strong  brine.  The  strength  lessened  toward  the  bottom.  So  that  it  is 
likely  that  this  was  just  outside  the  Salina  sea  like  Milwaukee,  while 
Ludington  and  Manistee  were  just  inside. 

St.  Ignace  shows  the  marginal  or  desert  New  York  Salina  red  and 
blue  shale  facies.  These  beds  are  (104-510)  406  feet  thick;  not  much 
more  than  at  Manistee  or  Ludington.  The  Cheboygan  well  showed  the 
red  and  blue  shale  facies  between  850  and  1300  with  dolomite  and  brine 
below  down  to  1525.     Above  appears  to  be  all  dolomite  from  360  down. 
We  have,  therefore,  good  reason  to  believe  that  at  the  close  of  the 

Niagara  or  Guelph  the  sea  level  fell  so  that  all  of  the  southeastern  por- 
tion of  Michigan  certainly  was  above  it.  If  the  salt  deposits  were  laid 

down  as  a  non-oceanic  Caspian  sea,  we  may  suppose  red  ehales  like 
those  of  St.  Ignace  were  deltas  of  a  stream  that  fed  it,  and  that  it  ex- 

tended to  the  New  York  Salina  where  were  other  deltas  from  Appa- 
lachian streams.  The  bottom  of  the  Salina  sea  should,  however,  have 

been  below  sea  level,  like  tlie  Dead  Sea  at  present,  for  the  following 
reason.  We  find  just  after  Sylvania  time  and  at  the  beginning  of  the 
Devonian  incursions  of  ocean  water  and  animals.  Now  the  top  of  the 
Niagara  below  this  is  not  less  than  1200  feet  at  Wyandotte,  and  below 

the  top  of  the  Salina  700  or  800  feet.  If  then,  the"^  top  of  the  Niagara at  Wyandotte  was  above  sea  level  after  the  Guelph,  either  the  continent 
was  raised  something  like  a  thousand  feet,  or  there  was  warping  of 
the  crust  during  Salina.  There  was  warping  of  the  crust  during  the 
Upper  Monroe,  and  since,  but  not  I  think  enough  to  alter  the  fact  that  . 
Lower  Michigan  has  been  permanently  a  basin.  Any  such  large 
emergence  of  the  continent  should  have  left  traces  in  the  sediments 
derived  therefrom,  sandstones  or  red  shales  derived  from  residual  clays. 
No  such  beds  are  known  to  me.  The  Salina  ai)pears  to  me  rather  the 
result  of  but  slight  emergence,  which  grew  more  marked  but  irregular 
during  the  time  of  formation  of  the  top  of  the  Monroe. 
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As  is  shown  by  records  at  Wallaceburg,  Canada,  Newburg  near  Cleve- 
land, and  the  Monroe  county  wells,  the  Cincinnati  anticlinal  had 

formed  and  was  out  of  water  and  divided  the  t^alina  sea  into  two  i)rob- 
ably  not  entirely  separate  basins,  connected  through  Canada  between 
Goderich  and  Petrolia,  north  of  Wallaceburg  and  Port  Rowan,  the  one 
the  New  York  basin,  the  other  the  Michigan. 

The  earlier  salt  l)eds  ap})ear  to  be  heavier.  For  fairly  complete  records 
see  Wyandotte  and  Royal  Oak  in  Volume  V,  and  ])j).  217-218  in  the 
re})ort  for  1901.  More  recent  records  of  the  better  class  are  of  the 
Btrasburg  well,  ̂ [onroe  county,  the  Edison  Co.,  Ft.  Wayne,  and  the 
Morton  Salt  Co.  and  the  Ford  well  down  the  river.  The  Romulus  well 
is  also  of  interest. 

The  outcrops  in  the  Upper  Peninsula  Avhich  he  takes  to  be  of  the 
Salina  around  St.  Martins  Bay,  Carp  River  and  the  islands  off  shore 
are  described  by  Rominger,  I,  p.  30.  Gypsum,  however,  occurs  in  con- 

siderable quantity  throughout  the  ̂ fonroe  and  if  there  were  any  dis- 
conformity  at  the  top  of  the  Niagara  these  beds  might  be  later  than 
Salina.  A  recent  test  near  the  Rabbits  Back  shows  the  following  sec- 
tion: 

Record  of  drilling  on  what  is  called  "Rabbit  Back  Point,"  3^  miles  N.  of  St.  Ignace, 
Mich.,  along  the  lake  shore. 

Soft  clay      2  ft.  2  ft. 
Hard  "          5  7 
Gypsum     1  8 
Gray  rock  (soft)        2  10 
Red     "            "       6  m.         10        6  in. 
Gypsum    6               11 
Red  rock    6               11         6 

Gray   "    (soft)       6               12 
Red     «       "              2  14 
Gray  "       "            1  15 
Red     "       "            3  6              IS        6 
Gray  "       "             2  6               21 
Red     "    harder      5  26 
Gray   "       "             8  6               34         6 Red  rock      1  35         6 
Light  red  rock      1  6              37 
Red  and  gray  rock     6  43 
Gray  rock      1  44 
Red  and  gray  rock     6  50 

Average  Analysis. 

Magnesium  carb    14 .  16% 
Calcium  carb    68 .40 
Oxide  of  silica    10.38 
Iron  and  aluminum.    5 .  27 
Organic  matter    1 .  22 

99.43 

I  had  six  analj'ses  from  different  places  in  this  hole.  The  six  analyses  varied 
considerably  in  the  amount  of  magnesium  carb.,  one  giving  onlj'  6%  and  another 
24%,  but  the  above  is  an  average  of  the  six. 

From    C.    A.    Campbell,    President.    Campbell    Stone    Co.,    Afton,    Michigan. 
April  27,  1907. 

A  great  many  records  report  salt  coming-  directly  on  top  of  "lime." 
Now  this  doesn't  mean  much,  for  without  samples  and  careful  observa- 10 
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tion  one  cannot  discriminate  limestone,  dolomite  and  anhydrite 

(anliydrons  sulphate  of  lime).  In  many  cases  where  samples  have  been 

saved  a  good  part  of  that  which  is  reported  as  "lime"  under  the  salt,  is 
really  anhydrite.  But  in  some  it  appears  as  if  salt  ireally  did  lie  di- 

rectly on  dolomite.  I  have  thought  of  this  possible  explanation.  The 
thickness  of  salt  deposited  shows  that  the  basin  must  have  been  fed 
from  without.  Suppose  that  it  was  not  only  fed  by  straits  from  the 

ocean,  but  partially  or  wholly  by  alkali  waters  draining  from  surround- 
ing lands.  We  know  pretty  well  that  in  sea  water  of  that  day  calcium 

chloride  and  magnesium  chloride  were  present  beside  sodium  chloride, 

as  they  are  today,  but  calcium  chloride  was  relatively  much  more  im- 
portant. Suppose  to  a  more  or  less  concentrated  calcium  chloride  solu- 

tion water  containing  sodium  carbonate  or  sulphate  like  the  alkali 

water  of  the  western  plains^  were  added.  The  carbonate  would  throw 
down  calcium  magnesium  carbonate  very  promptly.  The  sulphate 

might  throw  down  calcium  sulphate,-  in  proper  conditions.  But  calcium 
chloride  is  much  more  soluble  than  sodium  chloride,  and  the  replace- 

ment of  calcium  by  sodium  in  the  base  would  tend  to  make  the  chlorides 
less  soluble.  On  the  other  hand  calcium  sulphate  is  much  more  soluble 
in  sodium  chloride  solution  than  in  a  calcium  chloride  one.  Thus  the 

addition  of  sodium  carbonate  would  tend  to  retard  its  deposition.^  If 
then  there  was  a  good  supply  of  sodium  carbonate,  the  order  of  pre- 

cipitation might  be  first  dolomite,  then  salt,  then  anhydrite.* 
It  may  be  possible  in  this  wise  to  determine  how  far  this  was  a 

marine  salt  deposit,  how  far  isolated.  It  would  also  imply  that  the 
ratio  of  sodium  to  chlorine  in  the  connate  sea  water  would  be  less 
below,  as  well  as  in  the  bitterns  above  left  after  the  salt  had  been 
eliminated,  than  in  the  salt  series  itself,  while  desert  waters  (compare 

Bateson's  analyses)   are  high  in  sodium  relative  to  chlorine. 
28.     Lower  Monroe.     Bass  Islands  Series.     365-500  feet. 
This  is  a  series  of  dolomites  with  beds  of  oolite  like  those  around 

Great  Salt  Lake  as  Sherzer  has  shown.''  The  cessation  of  salt  making 
may  simply  show  that  the  climate  had  so  changed  that  there  was  enough 
of  a  supply  of  water  to  keep  the  more  soluble  chlorides  from  forming. 
Or  there  may  have  been  some  light  crustal  shifting  opening  an  outlet. 
There  is  in  Michigan  no  sign  of  structural  break  between  this  and  the 
Salina. 

Grabau  subdivides  as  follows  provisionally." 
d.  Eaisin  Eiver  dolomite,  zone  of  Wliitfieldella  prosseri,  200  ft.? 

with  oolite  zones  one  (Plum  creek)  100  ft.  below  the  top,  Woolmith 
dolomite  and  oolite  at  top. 

c.  Put-iu-Bay  dolomite,  zone  of  Goniophora  dubia,  100  ft.+  Leper- ditia  also. 

b.  Tymochtee  beds?  (Winchell  Ohio),  100  ft.+  Relations  un- 
known; quite  likely  equivalent  to  some  other  division,  shaly  and  thin 

bedded. 

a.     Greenfield  dolomites.     Northern  Ohio,  100  ft.^-. 
1  Or  that  indeed  of  rivers  lilie  the  Ottawa. 
^Magnesium   sulphate   is   much   more   soluble. 
3  Compare    the   use   of   sodium   carbonate   in   boiler   compound. 
■*For    the    necessary     conditions     see     Van't    Hoff    Zur    Bildung    der    Ozeanischen    Salzabla- 

gerungen    Part   II,    1909,   p.    16. 
»Vol.   VIII,    Part    I,    pp.   46-100. 
«Bull.  G.  S.  A.   19,  p.   554. 
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The  fullest  litliological  descrii)tioiis  are  given  in  the  Monroe  county 
report  bv  Sherzer,  Volume  YII,  \)\i.  40-100.  Fossil  lists  are  given  by 
Grabau,  Bull.  G.  S.  A.  19,  pp.  545-549. 

Oolite  and  sandy  dolomites  and  dolomites  with  anhydrite  which  is 
primary,  acicular  or  gashed  dolomites  in  which  the  hollows  were,  as 
Kraus  has  shown  for  Monroe  county,  i)robably  filled  by  (strontium  sul- 
l)liate)  celestite,  are  characteristic  rocks  both  in  Monroe  county  and  in 
the  Upper  Peninsula.  A  continuous  series  of  wells  at  intervals  of  but 
a  few  miles  at  most  have  penetrated  this  series  from  the  Ohio  line  to 
Pt.  Huron.  It  outcrops  and  is  exposed  again  near  St.  Ignace  and  Mack- 

inaw City  and  the  islands  north  of  Beaver  Island.  It  probably  touches 
the  Wisconsin  shore  near  ]\Iilwaukee,  and  is  reached  by  a  series  of 
deeper  wells  along  the  western  side  of  the  state.  It  will  therefore  be 
impracticable  to  give  so  particular  an  account  of  individual  well  sec- 

tions from  this  point  on.  The  following  list  of  locations  of  the  deeper 
wells  in  which  the  Monroe  has  been  struck  may  be  of  service.  It  con- 

tains only  those  of  which  some  decent  record  has  been  kept.  Those 
towns  where  a  number  of  wells  are  located  are  underscored : 

Toledo,  Britton,  Ann  Arhor,  Ypsilanti,  Trenton,  Wyandotte,  very 
many,  Romulus,  Ecorse,  Detroit,  Royal  Oak,  Mt.  Clemens,  New  Balti- 

more, Algonac,  Port  Lambton,  Out.,  Cottrellville,  Marine  City,  St. 
Clair,  Courtright,  Marysville,  Pt.  Huron,  Harbor  Beach  (Sand  Beach), 
Alpena,  Grand  Lake,  Cheboygan,  St.  Ignace,  Frankfort,  Manistee,  Lud- 
ington,  Muskegon,  Grand  Rapids,  Kalamazoo,  Dowagiac,  South  Bend 
and  Goshen,  Ind.,  Benton  Harbor,  St.  Joseph,  Bridgman,  Niles,  Con- 
stantine,  Jackson,  Osseo,  Hillsdale  and  Adrian. 

As  the  total  thickness  from  the  base  of  the  Sylvania  down  to  the  salt, 
shown  in  numerous  sections,  only  runs  from  337  to  400  feet  at  the  out- 

side, Grabau's  estimates  of  the  thickness  of  the  subdivisions  are  clearly 
maxima.  It  is  very  often  impossible  to  make  lithological  subdivisions. 
A  bed  of  sand  rock  often  occurs  under  the  main  Sylvania  sand  rock  a 
short  way.  The  Waubakee  dolomite  fossils  in  Wisconsin  most  suggest 
the  list  of  the  Raisin  River  and  Putin-Bay  beds,  and  I  think  there  is 
reason  to  believe  this  series  more  wide  spread  and  persistent  than  the 
series  above  or  below.  The  salt  series  below  certainly  does  not  extend 
so  far  either  in  Monroe  county  or  to  southwest  or  to  north.  To  the 
southeast  down  in  Ohio  and  elsewhere  where  the  Sylvania  sandstone 
is  very  thin  and  the  overlying  beds  between  that  and  the  Devonian 
limestones  gone  or  easily  overlooked  it  is  still  persistent.  The  fossils 

reported  from  Milwaukee  and  from  the  Upper  Peninsula  by  Rominger^ 
are  Lower  IMonroe  rather  than  Upper  Monroe  forms. 

Finally  as  we  trace  the  beds  from  the  thinner  ''Helderberg"  or  Mon- 
roe sections  of  Indiana  toward  the  thicker  sections,  between  Algonac 

and  Alf)ena,  the  addition  seems  to  be  additions  of  beds  above  and  below 
to  a  nucleus  of  Lower  Monroe  which  itself  remains  fairly  uniform  in 
thickness.  But  there  is  this  difference  as  we  trace  the  section  north 
along  the  Lake  ]Michigan  shore  from  that  which  happens  as  we  go  east 
toward  the  Cincinnati  anticlinal.  In  the  former  case  the  Traverse 

(Hamilton)  thickens,  but  very  little  is  seen  of  the  Dundee  beneath — 
between  it  and  the  Monroe — and  in  fact  there  does  not  appear  to  be 

iMich.    Geol.    Surv.,    Vol.    I,   &   III,    p.    28. 



64  BOARD  OF  GEOLOGICAL  SURVEY. 

much  added  to  the  Monroe  itself  though  the  section  is  puzzlingly  irregu- 
lar. The  explanation  would  seem  to  be  that  for  a  good  part  of  the 

marked  erosion  intervals  between  Niagara  and  Monroe  (\Yaubakee  or 
Helderberg)  and  again  between  the  Monroe  and  the  Traverse  (Mil- 

waukee or  Hamilton)  the  east  or  Michigan  side  of  Lake  Michigan  was 
out  of  water  and  the  Wisconsin  post  Niagara  uplift  was  fairly  uniform 
from  south  to  north.  On  the  whole  the  south  seems  to  have  been  first 
to  emerge  (since  there  is  more  Niagara  at  the  north)  and  the  seaward 
opening  was  to  the  north.  The  Salina  sea  was  left  to  deposit  salt.  The 

recession  or  submergence  dui'ing  the  Monroe  may  have  been  uniform. 
Whether  the  next  emergence  began  sooner  at  north  or  at  south  one 
cannot  tell  since  there  is  so  decided  an  erosion  unconformity. 

A  small  percentage  (1  to  5%)  of  sand  found  in  the  Monroe  dolomites 
may  have  been  wind  blown  from  exposed  beds  of  sand  in  Wisconsin. 

Passing  northeast  we  find  the  Lower  Monroe  persistent.    We  have  at: 

Milan.*  Britton. 

Shale        7-830  Gypsiferous  d    50-825 
Dark  d        15-845  Chertv  d    75-900 
Cherty  d        45-890  Dolomitic  ss   100-1000 
Blue  and  black  d      100-990  Shale    15-1015 
Blue  shale         5-995  d    65-1080 
d     30-1025  Dark  blue  at    1180 
Anhydrite      75-1100  Sulphur  and  salt    1200 
Dolomite   110-1210 
Anhydrite     90-1300 

Romulus.  Morton  Well,  Ecorse.  River  Rouge. 

Sandrock       45-545         Sandy  dol    10-362  450 
White  lime      240-785         Cherty  dol    50-412  500  ch.  d. 
Blue  lime        10-795         Dove  c.  d    20-432 
White  lime        75-870         Brown  d    15-477 
Brown  shale        12-882         Light  d    15-492 
White  lime        43-925         Dark    40-527 
Salt  rock    Light  with  black  spots. . .  25-552 

          Gypsima    45-597 
380        OoUte  d    25-617 

Blue  d.  and  anhydrite. .  .  175-792  815 

d.  or  dol.=dolomite 
430  365 

At  Port  Huron  the  Lower  Monroe  is  (1215-1555)  340  feet  and  making 
a  considerable  jump  to  Goderich,  Canada,  we  find  groups  IV  and  V 
between  the  limestone  group  and  the  salt  364  feet.  This  persistent 
thickness  is  a  strong  argument  to  my  mind  that  we  have  a  complete 
section  here  and  that  between  Monroe  county  and  Goderich  was  con- 

tinuous deposition.  Jumping  once  more  to  Grand  Lake,  the  Alpena 

Land  Co.'s  well,  we  find  the  limestone  coming  down  somewhat  farther 
and  very  thick.  From  1220-12G5  is  the  top  of  the  first  limestone  above 
the  salt  and  the  salt  is  at  1352.  But  comparison  with  the  wells  at 
Alpena  itself  would  suggest  that  this  salt  is  not  the  usual  first  salt, 
nor  the  limestone  that  which  replaces  the  Sylvania  sandstone.  The 
whole  distance  from  the  top  of  the  Monroe  to  the  first  salt  is  1087  feet. 

♦Note  that  the  base  of  the  Traverse  and  Antrim  is  100  feet  higher  in  Milan,  but  the 
Monroe  seems  to  be  about  the  same  height,  i.  e.  Britton  is  higher  on  a  pre-Traverse  or 
pro-Dundee  anticlinal.  The  difference  comes  just  about  at  the  Svlvania,  The  same 
phenomenon  appears  comparing  the  Churchill  well  and  that  at  Grand  Lake  near  Alpena. 
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In  the  Cheboygan  well  there  was  no  salt,  but  from  bed  rock  surface  at 
800  feet  dolomite  at  first  oaslied,  then  cherty  to  570  ft.,  and  then  dark 

to  850  feet  where  red  and  blue  Salina?  shales  began.  The  whole  490 

feet  may  well  be  Lower  Monroe.  At  Alpena  the  whole  Monroe  appears 

to  be  only  about  713  feet,  but  there  are  disere])ancies  in  the  depth  at 
which  salt  is  said  to  occur  at  the  different  wells  around  Alpena  that 

I  cannot  explain.  They  may  be  due  to  dislocations  of  the  Monroe  before 

the  Traverse  (which  is  more  regular)  was  laid  down.  They  may  be  due 
to  erosiou  or  non-deposition  of  the  salt  beds.  The  Cheboygan  well  is  so 
much  farther  north  that  it  ought  to  find  the  Alpena  horizons  400  to  500 

feet  higher  up.  The  red  stutf  from  800  feet  down  "dissolving"  in  water 
at  1050'  should  correspond  to  the  salt  horizon  at  Alpena. 

In  the  Grand  Lake  well  a  very  cherty  horizon  from  700  to  1000  feet 

might  correspond  to  the  cherty  top  of  the  Lower  Monroe  much  exagger- 
ated. The  distance  down  to  the  lower  salt  at  1284  would  be  not  dis- 

similar. It  would  seem  to  correspond  to  Group  III  of  the  Goderich 
section  and  the  284  feet  would  then  compare  Avith  the  Churchill  well, 
Alpena,  thus: 

1256  Churchill  with  1257  Grand  Lake. 

1048  1000        " 

In  other  words  there  was  a  pre-Traverse  dip,  from  Alpena  north, 
enough  to  counterbalance  the  present  Traverse  dip  the  other  way,  and 
in  that  direction  was  limestone  and  the  open  sea. 

On  the  south  side  of  the  state,  comparing  east  with  west,  the  Traverse 
appears  to  be  very  thin  with  disconformities,  but  the  white  and  yellow 
limestones  and  dolomites  below  the  Dundee  take  a  great  development. 
In  Jackson  the  Monroe  may  be  (1870-2485+)  over  615  feet  thick  and 
at  Britton  (with  the  Salina)  1050  feet,  of  which  680  is  probably  above 
the  Salina.  We  infer  as  the  lithological  character  is  similar  that  there 

was  more  continuous  deposition.  In  the  western  wells  we  find  no  lime- 
stones or  Sylvania  sandstones  Middle  or  Upper  Monroe  until  we  get 

over  to  Jackson  and  Charlotte  anyway. 
To  the  east,  then,  the  submergence  of  the  Monroe  was  longer,  the 

emergence  at  the  close  delayed,  and  as  we  shall  see,  intermittent,  and  a 
land  mass  formed  to  the  south  during  the  Upper  Monroe. 
24.  Sylvania  Sandstone.  30  to  440  feet  thick  as  sandstone,  170  feet 

as  limestone.  This,  the  Middle  Monroe  formation,  is  easily  described. 
It  has  been  found  only  along  the  flank  of  the  Cincinnati  anticlinal  as 
a  well  defined  bed.  It  thins  toward  the  outcrop  where  it  is  between  50 
and  100  feet  thick.  It  is  thickest  in  a  line  through  Milan  (288  to  823, 
pebbly  at  base),  Ypsilanti  (440?  from  760  feet),  Eoyal  Oak  (269  to 

1105  feet).  It  probably  skirts  the  Cincinnati  anticlinal  rather  nar- 
rowly, for  it  is  relatively  thin  at  Britton,  Ann  Arbor,  Mt.  Clemens, 

absent  at  New  Baltimore  though  present  at  Port  Lambton  and  Marine 
City,  and  absent  at  St.  Clair  but  present  at  Port  Huron. 

Grabau  and  Sherzer  are  inclined  to  consider  it  aeolian.  But  the  way 

the  grains  of  sand  occur  in  the  dolomite  or  limestone  as  in  Port  Lamb- 
tion,  (and  in  a  series  of  records  like  those  at  Marine  City,  Volume  Y, 
we  find  it  shading  into  the  dolomites),  its  fairly  regular  variation  in 
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thickness,  similar  at  similar  situations*  on  the  Cincinnati  anticlinal, 
growing  thicker  to  the  line  of  thickness  above  mentioned,  suggest  that 
if  they  were  wind  transported  they  were  water  deposited.  Of  course, 
near  the  outcrop  it  may  be  more  aeolian.  Lithologically  it  is  a  pure 
(99%  +  )  quartz  sand  of  the  highest  grade  of  glass  sand  as  white  as 
sugar.  The  nearest  like  it  of  recent  sands  that  I  have  found  is  one  from 
Florida.  Its  extreme  freedom  from  iron  is  not  characteristic  of  desert 
sands.  On  the  other  hand  it  seems  to  have  a  characteristically  fresher 
water  (stronger  in  sulphates),  than  the  beds  below. 

Grabau  gives  a  disconformity  with  the  beds  below.  This  is  not 
marked,  though  there  are  red  sandy  looking  beds  at  about  that  horizon 
in  a  few  wells  (New  Baltimore  1290-1300).  But  the  disconformity  above 
is  most  marked  and  as  Grabau  has  pointed  out  a  new  fauna  appears 
of  puzzling  affinities.  The  facts  appear  to  be  that  in  many  places  during 
the  whole  tinie  between  the  Lower  ]\Ionroe  and  the  Middle  Devonian 
the  American  continent  was  out  of  water,  and  the  line  marking  this 
period  of  emergence  is  the  well  defined  and  generally  accepted  line  be- 

tween the  Silurian  and  Devonian.  This  is  true  also  around  Milwaukee 
and  in  western  Michigan.  But  the  great  basin  of  Lower  Michigan  was 
not  lifted  altogether  out  of  water.  The  warping  which  caused  the  em- 

ergence lifted  up  the  Wisconsin  land  mass  and  also  the  Cincinnati  anti- 
clinal and  the  Sylvania  sandstone  was  formed  as  an  emergent  sand- 

stone along  a  shore  not  altogether  unlike  those  from  Chicago  around 
to  New  Buffalo  today.  It  was  partly  aeolian  but  I  susjject  that  most 

'of  the  wind  blown  sand  found  its  final  resting  place  under  the  water, building  a  sandy  shelf  out  from  the  shore. 
But  the  emergence  this  time  was  not  a  mere  recession  of  the  sea  level. 

There  was  an  Appalachian  warping  and  gentle  folding  extending  clear 
to  Michigan,  for  as  Grabau  has  pointed  out  not  only  is  there  a  discon- 

formity of  the  Sylvania  and  overlying  beds,  but  both  together  were 
folded  and  eroded  before  the  Upper  Helderberg  was  laid  down,  both 
around  Alpena  and  to  the  south.  One  result  of  this  was  to  permit  an 
incursion  from  somewhere  (judging  by  the  thickening  of  the  limestones 
off  Alpena  way)  of  the  first  Devonian  looking  fossils  known,  as  de- 

scribed by  Grabau.  He  tells  me  the  same  things  come  from  the  Sas- 
katchewan. 

It  seems  clear,  comparing  the  Mt.  Clemens,  Wallaceburg,  Port  Lamb- 
ton  and  Marine  City  wells  with  those  at  New  Baltimore,  St.  Clair  and 
Port  Huron,  that  to  the  northwest  the  Sylvania  is  replaced  by  a  series 
of  limestones.  Even  around  Detroit  where  it  is  described  by  Grabau 
and  Sherzer  fossiliferous  dolomites  and  limestones  occur  immediately 
above  it,  but  they  are  there  unconformably  overlapping. 

Take  the  large  group  of  wells  at  Marine  City  reported  from  samples, 
in  Volume  V.  In  all  of  them  at  about  1,000  to  1,100  feet  down,  and 
about  500  to  GOO  feet  above  the  first  salt,  300  ft.  or  so  above  a  well  marked 
gypsum  bed  (which  may  be  really  the  most  fitting  place  at  which  to 
draw  the  top  of  the  Salina)  we  find  from  60  to  over  100  feet  of  sand- 

stone, often  calcareous  and  passing  into  a  sandy  limestone  or  arenace- 
ous dolomite.  The  cherty  character  of  this  and  the  beds  beneath  like 

the  top  of  the  Lower  Monroe  Raisin  River  is  plain.  The  same  horizon 
is  plain  in  New  Baltimore  940-1275 ;  St.  Clair  1050-1270,  and  Port  Huron 

♦Compare  Dundee,  60  to  253;  Morton  Salt  Co.,  65  to  262;  Solvay,  95  to  415;  Wallace- burg,  100  to   1100 ;   Port   Lambton,   50   to  1250. 
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(where  it  is  more  clayey)  to  1215.  There  can  be  hardly  a  doubt  that 
this  corresponds  to  the  Goderich  Group  III  of  Hunt,  and  so  presumably 
to  the  Sylvania  and  part  of  the  Upper  IMonroe.  It  would  seem  therefore 
that  in  this  direction  away  from  the  Cincinnati  anticlinal  the  Sylvania 
which  at  its  outcrop  is  pure  silica  and  ])erhaps  acolian,  land  formed, 
passes  into  marine  limestones,  nliicli  represent  not  only  it  hut  the  interval 
beticeen  it  and  the  next  orerli/ing  heds  where  exposed  in  the  Sylvania 
(O.)  quarry.  As  usual  passing  from  the  outcrop  the  unconformities 
grow  less.  In  its  limestone  facies  it  is  im])ossible  to  so  surely  assign  it 
a  thickness,  but  it  seems  to  be  about  170  feet.  For  instance  St.  Clair 

at  010  No.  2  or  000  No.  4  corresponds  to  Marine  City  at  770  or  there- 
about and  New  Baltimore  at  815.  In  each  case  there  is  270  to  200  feet 

which  may  be  called  Upper  Monroe,  dolomite,  dolomite  and  anhydrite, 

and  dolomitic  limestone,  like  the  274  feet  of  the  Tapper  Monroe  at  the 
salt  shaft.  Then  comes  a  variable  thickness  it  contains  much  (1110-1100 
— in  one  case  it  is  90%)  quartz  sand,  making  a  total  of  about  420  to  380 
feet.  The  Upper  and  Middle  Monroe  at  New  Baltimore  are  about  440 
to  480  feet,  at  Port  Huron  565  to  525  feet,  at  Goderich  554  feet,  near 
Alpena  (Grand  Lake)  they  are  (800  to  1000)— 265,  535  and  more.  Now 
of  course  how  much  of  this  should  be  attributed  to  a  thickened  base 

of  the  Upi>er  Monroe  is  a  matter  for  farther  research.  The  fairly  uni- 
form thickness  for  Middle  and  Upper  Monroe  from  Lake  St.  Clair  to 

Alpena  suggests  that  there  is  no  appreciable  disconformity.  So  far  as 
one  can  judge  the  Upper  and  Middle  Monroe  are  absent  on  the  west  side 
of  the  state.  Even  around  Mackinac  and  at  Cheboygan  there  are  no 
indications  of  them  known  to  me. 

25.     Upi^er  Monroe-Detroit  River  Series.      (275  ft.) 
This  series  seems  to  have  been  deposited  in  a  long  narrow  trough 

at  the  very  end  of  the  Silurian  at  a  time  when  most  of  the  continent 
was  out  of  water  and  much  progress  had  been  made  toward  the  evolu- 

tion of  the  Devonian  forms.  Just  as  in  New  York  higher  and  higher 
horizons  of  the  Eo-Devonian  rest  to  the  west  on  the  Salina  and  water- 
lime,  so  in  Michigan  to  the  southeast  and  south  higher  and  higher  hori- 

zons of  this  rest  on  the  Sylvania.  But  it  is  also  true  that  the  Corni- 
ferous  or  Dundee  rests  on  various  members  of  this.  The  Corni- 
ferous  above  is  unquestioned  Devonian.  Below  the  Sylvania  has  been 
classed  with  the  previous  period  by  general  consent.  But  the  Sylvania 
has  often  been  called  Oriskany  and  the  fossils  of  beds  above  are  remark- 

ably like  Hamilton  forms,  while  the  very  top  of  the  Lucas  dolomite  has 
been  generally  taken  to  be  below  the  Devonian. 

If,  with  H.  S.  Williams,  we  place  the  base  of  the  Devonian  at  the 
Oriskany  and  class  the  Lower  Helderberg  beneath  as  Silurian  as  used 
to  be  common  (compare  the  1802  edition  of  LeConte  with  the  latest) 
we  should  then  surely  place  the  whole  Monroe  with  the  Silurian  as  I 
did   originally. 

But  beneath  the  Oriskany  comes  the  Lower  Helderberg  series  of  New 

York  300-400  feet*  and  Pennsylvania  600  feet,  and  in  Europe  stages 
E  and  F,  and  the  relation  of  these  to  the  faunas  is  a  complex  problem 
of  paleogeograph3^  After  the  Salina  (all  up),  was  there  a  seesaw,  first 
the  Michigan  trough  down  (Upper  Monroe)  then  it  up  and  the  New 
York  Helderberg  down?    This  is  the  view  accepted  by  Grabau.    Or  is  it 

♦Schuchert,   Bull.    G.    S.   A.    11    (1900)    270. 
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possible  that  at  the  time  of  the  Sylvania  the  Michigan  basin  was  so 
separated  from  that  of  New  York  that  the  two  could  have  separate 

faunal  developments,  the  New  York  receiving  precursors  of  the  Corni- 
ferous,  Michigan  of  the  Hamilton  at  the  same  time,  while  somewhere 
around  there  lingered  relics  of  the  Silurian  faunas  which  when  the  old 

anhydrite  and  dolomite  forming  conditions  returned  in  Michigan  re- 
established themselves  ? 

On  the  whole  the  greater  break  and  therefore  the  one  best  fitted  to 
mark  the  beginning  of  the  Devonian  as  well  as  most  wide  spread  seems 
to  be  that  above  the  Detroit  Eiver  series.  For  there  appears  to  be  not 
merely  a  disconformity  as  between  the  Detroit  River  and  the  Salina 
but  an  actual  unconformity  so  that  the  Detroit  River  beds  were  folded 
before  the  Dundee  and  Traverse  were  laid  down,  and  this  too  in  a  wide 
spread  way.  Such  a  folding  is  indicated  by  the  fact  that  while  at 
Alpena  there  is^  a  dip  of  42  feet  to  the  mile  to  the  southwest  for  the 
surface  beds  this  does  not  seem  to  be  the  case  for  the  lower  beds  of  the 
Monroe.  The  salt  is  as  deep  to  the  north.  Again  along  the  St.  Clair 
river  in  the  Devonian  there  is  an  anticlinal  near  Port  Huron  where  the 
oil  wells  are  and  the  base  of  the  Traverse  (Hamilton)  515  feet  deep 
there  dips  to  790  feet  at  St.  Clair,  then  rises  at  New  Baltimore  to  690 
feet.  But  the  Monroe  beds  do  not  follow  this  fold.  The  salt  runs  more 

nearly  on  a  level.  Again,  around  Detroit  in  Wayne  and  Monroe  coun- 
ties, Grabau  has  described  how  the  Dundee  of  the  Devonian  lies  on  vari- 
ous beds  of  the  Monroe.  For  the  present  therefore  it  will  be  well  to 

keep  the  line  between  the  Devonian  and  Silurian  as  heretofore,  but  re- 
membering that  with  the  line  so  placed,  a  very  Devonian  appearing 

fauna  already  existed  during  the  time  of  the  Detroit  River  beds,  and 

that,  as  in  New  York,  between  the  Helderberg  and  the  Oriskany^  there 
is  an  unconformity  and  a  more  marked  one  prior  to  the  Cobleskill 
Rondout,  so  it  is  with  the  Detroit  River  series,  which  from  a  structural 

point  of  mew  are  thus  closely  allied  to  the  Helderberg  (Coeyman's 
Lower  Pentamerus  New  Scotland,  Becraft  and  Kingston  beds. 

Structurally,  then,  the  Detroit  River  and  Helderberg  are  analogous, 
but  they  differ  widely  in  fossils.     The  subdivisions  are  as  follows: 

At  the  salt  shaft,  and  near  by,  according  to  Grabau. 
146 

180  1.    Lucas  dolomite    (with    Cylindrohelium    profundum)    (200 
feet  +)  with  sulphur  and  gypsum. 

326 

9  c.     Amherstburg  dolomite   (with  Panenka  canadensis)   transi- 
tion to  Lucas  20  feet — 

335 
38  d.     Anderdon    limestone    (with    idiostroma   Nattressi   and   a 

fauna  like  the  Hamilton.) 
40     50 

373 
47  e.     Flint  rock  dolomite  (with  ̂ ijringopora  cooperi). 

50 
420  150  feet+      

Sylvania  sandstone. 

iReport  for  1901,  p.   67,   and   Plate  VIl. 
*See  Grabau.  Geology  and  Paleontology  of  the  Schoharie  Valley,  p.  179,  N.  Y.  State 

Museum,   Bull.   92. 
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It  is  next  to  impossible  to  trace  these  largely  paleontolo-jical  sub- 
divisions in  the  wells,  esiwcially  the  ditlerence  between  Aniherstburg 

and  Anderdon.  But  the  tendency  to  a  dolomite  top,  with  sulphur  re- 
duced froui  jiypsuni  and  anhydrite,  and  limestones  lower  down  can 

be  plainly  foliowed.  For  instance  we  may  correlate  as  Lucas  (with 
Anderdon  i)erliai)s),  Mt.  Clemens  (020-855)  2;>5;  New  Tialtimore  (820- 
10401  220;  Marine  (Mty  (770-880)  110;  St.  Clair  (050-10r)0)  100.  At 
Port  Huron  LVII  <80()-l>20),  from  020  to  1150  is  dolomite  and  bluish 
black  argillaceous  marls  that  remind  one  of  IJlack  Sea  deposits,  and 
may  represent  the  Anderdon  and  Amherstbnrg.  At  the  Port  Huron  Salt 
Co.,  four  miles  south  (nearer  ]\rarysville  and  llie  Punch  farm)  the  cor- 

responding horizon  is  from    (885-980). 
Above  the  undoubted  Lucas,  either  as  an  extension  of  the  base  of  the 

Dundee  or  as  a  still  higher  member  of  the  Detroit  Kiver  series  (which 
it  wonld  be  interesting  to  compare  with  the  New  Yoik  Helderberg) 
was  an  intercalation  of  limestone  in  the  Lucas,  which  did  not  reach  as 
far  as  New  Baltimoie  or  the  Detroit  River,  for  we  find  limestone  some- 

times just  below  the  first  thin  dolomite  that  seems  to  lie  directly  under 
the  Dundee.  By  the  time  we  get  to  Ali)ena  limestone  occurs  at  various 
horizons,  as  the  well  at  Grand  Lake  shows.  There  is  clearly  a  tendency 
to  replacement  of  dolomite  by  limestone  toAvard  the  north  in  the  direc- 

tion probably  of  the  open  sea  from  which  the  strata  came.  The  Michi- 
gan Monroe  seems  to  have  been  like  the  Black  Sea  and  Caspian  but 

turned  north  side  south. 
At  the  close  of  the  Monroe  the  state  was  so  elevated  that  slight  folds 

which  occurred  at  the  same  time  could  be  planed  oft'  and  the  underlying 
formation  in  numerous  places  from  Mackinaw  to  Monroe  county,  made 

into  a  dolomite  conglomerate,  '•calcirudite."  So  far  as  we  know  it 
remained  above  water  during  the  oi)ening  stages  of  the  Devonian  Helder- 
bergiau.  There  is  distinct  reason  to  believe  that  this  uplift  was  not 
symmetrical,  a  mere  rise  and  fall  of  the  sea  strand  produced  perhaps 
by  disturbances  thousands  of  miles  away  like  the  earlier  changes  in 
Niagara  time,  but  a  tilting  by  which  the  west  was  more  elevated  than 
the  east  and  a  certain  amount  of  folding  took  place.  The  Limestone 
Mountain  fold  on  Keweenaw  Point  may  have  taken  place  this  early.  The 
Sylvania  uplift  seems  to  have  been  decidedly  most  at  the  south,  open- 

ing up  and  depressing  the  land  at  the  north.  By  the  close  of  the  Am- 

lierstburg  the  eftect  of  a  new  uplift  made  itself  felt  in  cutting  oft"  the northward  connections  and  the  conditions  for  formation  of  dolomite 
and  anhydrite  were  reestablished  and  with  them  the  Silurian  fauna. 
The  same  disturbance  that  cut  Michigan  off  once  more  may  have  opened 
up  New  York  to  the  Helderbergian,  so  that  while  the  Coeymans,  New 
Scotland,  Becraft,  Port  Ewen,  perhaps  Oriskany?  and  Esopus?  beds 
were  forming  in  New  York  300  or  400  feet  in  all,  Michigan  was  mainly 
out  of  water,  and  not  until  the  Schoharie  (Hall  in  Foster  &  Whitney, 
II,  p.  225)  did  deposition  begin  in  Michigan  again  that  can  be  recognized 
by  its  fossils. 

26.     Devonian  Dundee  Limestone.     200  to  253  feet. 

(Corniferous,  Upper  Helderberg.  I'lsterian,  Onondaga  and  Schoharie). This  formation  has  been  found  throughout  the  state.     Beside  the  wells 
already  cited,  one  may  call  especial  attention  to  the  deep  wells  at  Bay 
City,    Assyria,    Adrian.    Hillsdale,    Coldwater,    Allegan,    Muskegon    and 

11 
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Grand  Rapids  as  adding  to  our  information  regarding  tliis  Jforniation. 

Every  where  it  is  full  of  fossils,  which  have  been  described  hj  Hall, 

Winchell,  Rominger,  Schuchert,  Grabau  and  others.^  On  the  east  side 
of  the  state  from  the  blue  and  black  shales  that  may  represent  the  Bell 
or  Marcellus  to  the  first  dolomite,  which  seems  to  be  generally  the  to]> 

of  the  Devonian  (of  course  there  may  be  a  puzzling  dolomite  conglom- 
erate at  times)  the  formation  can  be  traced  persistently.  It  is  very 

uniform  in  character,  high  grade  limestone  with  only  a  few  per  cent 
of  magnesia,  not  infrequently  over  9S%  Ca  CO3,  light  colored,  or  brown 
with  oily  matter,  containing  a  water  relatively  high  in  sulphates,  rela- 

tively weak  and  strong  in  Ho  S,  and  generally  hard,  sometimes,  not 
always  cherty.  Beginning  with  an  even  100  feet  (at  Britton — 97  at 
Milan)  thick  in  the  southeast  corner  of  the  state  it  thickens  slowly  to 
Port  Huron  (143+),  Petrolia  (190),  Tilbury  (158),  Port  Rowan  (250), 
being  evidently  continuous  to  New  York.  Going  west  and  north  it  at 
firstthickens  until  it  gets  its  full  thickness  of  about  250  feet  as  shown 
at  Jackson,  Charlotte,  Assyria  (1875  or  1940  to  2040+ ),  Bay  City  and 
Alpena,  then  begins  to  thin  being  but  190  at  Kalamazoo,  155  or  more  at 
Allegan,  not  over  125  at  Dowagiac  and  Niles,  very  likely  much  less,  a 
good  part  of  the  125  feet  being  really  Traverse  (Hamilton)  or  Monroe. 
In  northern  Indiana  (Goshen  GO  feet.  South  Bend  65)  it  is  less  than  100 
feet  thick.  The  Traverse  and  Dundee  combined  shrink  fast  to  the  south 

and  east  and  as  the  Traverse  (Hamilton)  is  known  to  extend  to  Mil- 
waukee Avhile  the  Dundee  does  not,  it  would  seem  likely  that  the  Dundee 

is  the  one  that  lessens. 
For  instance  the  Niles  well  on  p.  280  of  the  report  for  1903  may  also 

be  interpreted  as  having  only  12  feet  of  Dundee  and  then  entering  the 
Monroe  and  that  in  Volume  V  as  (having  Oriskany  at  540)  having 

only  40'.  All  these  wells  in  the  southwest  corner  might  also  be  inter- 
preted as  striking  through  from  some  part  of  the  Traverse  corresponding 

to  the  Alpena  limestone  into  the  Monroe,  the  Dundee  being  omitted, 
though  against  this  is  the  occurrence  of  the  Corniferous  (Dundee)  in 
Northern  Indiana. 

As  we  go  up  the  Lake  Michigan  shore,  however,  by  Grand  Rapids. 
Muskegon,  Ludington,  Manistee  and  Frankfort  northward  it  is  apparent 
that  the  Traverse  expands  to  the  thick  600  foot  section  found  in  its  north- 

ern outcrop  while  the  Dundee  does  not  increase  so  much.  The  top 

thirty  feet  and  other  places  are  sometimes  quite  sandy-  and  often  cherty. 
It  is  not  often  sandy  on  the  dividing  line  between  it  and  the  Monroe.  • 
Throughout  my  work  in  Volume  V  and  the  annual  reports  I  have 

considered  all  the  Dundee  as  a  limestone  and  this  has  given  consistent 
results.  Four  miles  east  of  Mackinaw  City,  however,  I  visited  in  July, 
1902,  a  section  exposed  by  a  creek  where  I  thought  I  found  the  Dundee 
directly  overlying  magnesian  limestones  of  the  Monroe.  But  Grabau 
found  in  the  top  layers  of  the  magnesian  beds  a  typical  Schoharie  fauna, 

agreeing  with  Hall's  determinations  on  Mackinac  Island  50  years  earlier. 
^Annual    report   for   1901,    and    Bull.    G.    S.    A.    17.    (1901)    p.    719. 
2  Allegan  1275-1300  top.  Bay  City  2822-28.52.  Benton  Harbor  66.5-700.  Charlotte  2000- 

2250.  Detroit  475  to  580?  Kalamazoo  1270-1310.  Manistee,  1675.  East  Lake  1670  or 
1600-1650,    Peters.      Ludington    2075-2175. 

*  Farther  north  than  Manistee  no  wells  enable  us  to  know  surely  how  thick  it  is  but 
100-200  would  seem  to  be  enough  at  the  outcrop.  A  Schoharie  fauna  4  miles  east  of 
Mackinaw  on  the  creek  must  be  near  the  base.  The  top  is  found  at  the  north  end  of 
Beaver   Island   but   the  other   islands.   Garden   Island,   etc.,   are   Monroe. 
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We  imisf  then  <ii';uit  I  ho  occuiiviuc  ol"  iiiaiiiK'sian  beds  near  llie  base  of 
ilie  Dundee^  It  would  be  sti-aiij»e  if  overlying"  a  inaj^juesiaii  fonnation 
I  he  base  were  not  niajinesiaii.  The  jtaleoiitolouieal  and  struclnral  divid- 

ing line  may  be  a  few  feet  beneath  the  lithologie  line  which  we  liave  to 
use. 

The  Dundee  niaiks  a  jwiiod  of  jjeneral  return  of  the  sea  after  a  period 
of  uplift.  There  seems  to  have  been  no  great  climatic  change  since 
the  beginning  of  the  Niagara.  The  continent  must  have  had  a  mantle 
of  limestone  and  chemical  denudation  was  still  dominani,  animal  life 

over  vegetable.  At  the  top  of  the  Dundee  we  seem  to  i)ass  without  re- 
versal of  change  to  a  series  of  blue  or  black  rather  than  yellow  beds, 

wliicli  seem  to  point  to  a  wetter  climate  producing  more  erosion  and 
more  vegetation.  There  may  also  have  been  some  uplift  starting  the 
streams  into  renewed  activity.  In  the  Hamilton  are  snuiller  reefs  re- 

minding one  of  the  Dundee  and  Monroe.     It  is  a  transition  group. 

'27.  Traverse  (Hamilton  and  Marcellus,  Erian  of  Clarke  &  Schuchert, 
Delaware-  of  Ohio).     000  feet— 

As  this  group  is  much  thicker  and  better  exposed  in  the  north  end 
of  the  state  and  its  very  existence  along  the  south  line  of  the  state,  which 
seems  indeed  to  be  near  where  at  this  time  an  old  shore  line  afterwards 
was,  has  been  doubted,  Ave  begin  our  description  from  the  north,  where  it 
outcrops  on  Grand  and  Little  Traverse  Bays  and  thence  frequently 
around  to  Alpena  and  Thunder  Bay  and  is  nearly  uniform  in  thickness — 
600  feet  Avith  a  basal  shale  (Bell  shale  SO  feet)  which  corresponds  to 
the  Marcellus  and  is  persistent  throughout  the  state. 

Grabau  gives : 

Chert  beds   45-50     Naples  goniatite  fauna  at  top. 
Petoskey  limestone       360     Stromatopora   and   butf   magnesiau. 
Acervularia  beds       110     Brvozoa  beds. 
Bell  shales         80 

600 

Around  Alpena  it  is  practically  as  thick,  and  is  found  thick  iu  Alcona 
county  at  Grayling,  and  at  Bay  City  where  it  is  thickest  660  feet. 

Cooper  makes  the  divisions  here : 

1.  Sandy  limestone        10  "j 
Calcareous  sandstone        15  25  |^  This  is  100  in  Plate  VI  of  V. 
Blue  calcareous  shale        55  80  J 
Limestone,  fossiliferous        10  90 
Limestone,  growing  shaly ...      16  106  1  This    is    47  in    Plate    VI.     I    mistook 
Blue  calcareous  shale        11  117  /      it  for  Marcellus. 

2.  Limestone          7  124 
Calcareous  sandstone,  brine. . .     46  170 

•  Sandy  limestone          30  200 
Dark  brown  sandy  limestone. .     50  250 
Dark    gray    sandy    limestone 

brine        45  295 
Siliceous  limestone  (gypsum)..     35  330 

3.  Blue  calcareous  shales      180  510 — This   is  probably  the  Acervularia  beds 

Shaly  limestone  .  .  .  '       40  550  and  Bell  shales. Blue  shale        50  600 
Black  shale        60  660 

1  This    appears    to    be    also    tiue  of  the    base   of  the   Columbus   Hmestone,    the   equivalent    of the    Dundee    in    Ohio. 
2  Sandusky    has    been    discarded. 
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At  Harbor  Beach  it  is  said  to  be  G05  feet  thick,  with  15  feet  of  liard 
rock  280  feet  down.  When  we  get  to  Port  Huron  nearer  the  Cincinnati 
arch  it  seems  to  have  slirnnk  to  (185-515)  o30  feet  or  so,  and  thence 
down  to  the  Ohio  line  it  tends  to  shrink  especially  toward  the  axis.  But 
the  marked  hlack  or  hliic  shale  Tjasc  jycrsists.  There  is  no  notable  differ- 

ence in  lithology.  Hence  there  is  reason  to  suspect  that  the  loss  is 
mainly  hy  removal  of  the  top.  There  is  a  fairly  ])ersistent  division  t(t 
which  the  drillers  apply  customary  names: 

Cooper's  2.  Petoskey  limestone.  The  '"top  lime"  85'  ±  (sometimes  p^Titic at  its  top). 

Cooper's  3.     The  "top  soap  rock"  150'  ± 
Acervularia  beds.  "]\riddle  lime"  1-15.  Never  thick,  but  persistent, the  Encrinal  limestone? 

And  Bell  shales?     '^'Bottom  soap  rock"  05.     Darker  than  the  other. 
These  beds  we  can  follow  gradually  decreasing-  through  Port  Huron, 

Marysville,  Courtwright,  St.  Clair,  Marine  City,  Port  Lambton, 
Algonac,  Wallaceburg,  Xew  Baltimore  (230),  Royal  Oak  (215),  Ypsi- 

lanti  (229),  Britton  (190),  Adrian  (95).  and  Prosser's  recent  investiga- tions show  a  few  feet  of  Hamilton,  the  Delaware  Limestone  (30  to  40 
feet)  in  Ohio.  Now  turning  west  we  find  at  Jackson  perhaps  55  feet 
(1715  to  1770)  all  calcareous  shale,  at  Assyria  (1810  to  1875  or  1940) 
05  to  130  feet,  at  Charlotte  55  feet  (1930-1985  ft.)  or  less,  Kalamazoo 
70  (GO  ft.  blue  limestone,  10  ft.  blue  shale  to  1270),  Dowagiac  74,  Alle- 

gan   (1095-1204)    109,  Benton  Harbor    (475-005)    190. 
We  see  that  it  is  thinnest  near  Jackson  and  begins  to  thicken  again, 

toward  Milwaukee,  and  that  a  blue  or  black  shale  base  is  persistent. 

If  we  go  to  a  grotip  of  wells  arotind  Constantine  and  White  Pigeon^  we 
:find  irregular  records  and  a  red  gritty  shale  at  the  top  of  the  Traverse 
(108  feet  thick)  which  looks  like  an  old  erosion  surface.  There  is  good 
reason  then  to  suppose  that  during  late  Hamilton  (^Traverse)  there  was 
some  emergence,  while  the  line  between  l^undee  and  Traverse  does  not 
appear  to  be  marked  by  a  noteworthy  change  here  in  Michigan.  We 
find  also  in  New  York  the  closest  affiliation  in  deposition  between  On- 

ondaga and  Marcellus.  The  supposed  unconformity  at  the  top  and 
maximum  depression  at  the  base  of  the  Traverse  is  in  harmony  with 
the  description  by  the  Wisconsin  Survey  (ii.  p.  397)  of  the  beds  there  as 
early  Hamilton.  The  paleogeographic  map  of  the  Hamilton  by  Schu- 
chert  should  therefore  probably  be  changed  slightly,  the  Kankakee  jjenin- 
sula  moved  a  little  to  the  east  so  as  to  head  at  Jackson-  and  probably 
running  not  far  north,  for  passing  north  from  Benton  Harbor,  the  Trav- 

erse thickens  rapidlv,  is  about  400  feet  thick  at  Muskegon,  and  as  thick 
as  ever  at  Ludington  (1305-1902),  Manistee  (980-1000)  and  Frankfort, 
with  the  basal  shale  well  marked.  It  looks  therefore  as  though  the  Ham- 

ilton sea  was  persistent,  (the  land  less  elevated)  to  the  north. 
28.  Antrim  Shale.  (Senecan,  Genesee?,  Portage  and  Chemung?  of 

New  York,  Ohio,  Huron,  Chagrin,  Cleveland  and  Bedford  of  Ohio.  480 
to  140+. 

There  is  good  reason,  as  we  have  seen,  in  the  thinning  of  the  formation 
and  in  the  irregularity  and  reddening  of  the  top,  to  believe  in  an  eleva- 

tion south  of  Michigan  toward  the  close  of  the  Traverse   (Hamilton). 

'  Report  for   1903.    p.    282. 
I.  '  Orabau   Schoharie   Valley,    p.    232. 
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This  does  not  seem  to  tit  well  with  stiulics  of  some  others.^  But;  in 

Iowa,  too,  the  T'ljpei*  Devonian  is  said  to  be  uneonformable  on  llie Middle. 
At  the  base  of  the  Antrim  shales  on  Thunder  Bay  (Jrabau  found  a 

Xai)les  <>()niatite  fauna  wliich  would  inii)ly  perhajjs  that  the  Antrim 
blaek  shakes  though  litholo<>ically  like  the  Genesee  shales  were  really 

somewhat  later,  and  the  (lenesee  is  more  or  less  missiuf--.  Dana  used 
to  unite  the  Genesee  with  the  Hamilton;  Clarke  and  Schuchert  jiroup  it 
as  Senecan  with  the  Portage. 

This  horizon  is  struck  widely:  At  Bay  City  (thickness  315);  Alma 

(315?);  (Jrayling  (575);  Killm'aster  (4S0)  ;  Manistee  (340+)  ;  Luding- ton  (200)  ;  Muskegon  (135+80  or  215)  ;  Grand  Kayids  (275)  ;  Charlotte 
(270?)  ;  St.  Joseph  (185  to  520— to  750==230  to  505)  ;  Allegan  (480?)  As- 

syria (375?)  ;  Kalamazoo  (200+-400?)  ;  Dowagiac  (483+?);  White 
Pigeon  (322),  and  numerous  wells  southeast:  Jackson  (240+75); 
Hillsdale  (310  +  10)  and  Osseo  (304? +  100?);  Adrian  (226  +  30B)  ; 
Madison  Oil  Co.  (225+20)  ;  Ann  Arbor  (140+lGOB)  ;  Old  well  333-700 
including  F.eiea  307; Manchester  Oil  Co. (271+2)  ;  Pontiac  (157+253B)  ; 
Valley  Center  (272+30)  ;  Harbor  Beach  (456+Gl),  and  numerous  wells 
southeast  which  do  not  show  the  full  thickness  of  not  less  than  340  feet. 

In  order  to  get  consistent  results  and  thickness  it  is  necessary  to  recog- 
nize that  the  transition  to  the  Berea  Grit  is  gradual  and  a  greater  thick- 
ness of  Berea  Grit  or  strata  ascribed  thereto  is  always  at  the  expeuse- 

of  the  Antrim.  Ulrich  would  transfer  the  Upper  Devonian  (Antrim)  to- 
the  system  above.  The  Antrim  consists  of  dominant  shales,  black  and; 
bituminous  at  the  bottom,  then  blue  sometimes,  and  at  top  where  it 
passes  into  the  Berea  Grit,  or  the  horizon  thereof  red  or  interstratified 
with  sandstone  and  gritty. 

If  we  must  put  the  base  of  the  Carboniferous  at  the  base  of  the  Bed- 
ford we  shall  have  to  split  the  Antrim  in  a  very  impractical  wa}-,  though 

we  could  readily  enough  follow  Ulrich's  suggestion  and  place  it  lower. 
Another  noticeable  thing  is  that  Just  as  the  Sylvauia  is  confined  to  the 
east  side  of  the  basin  and  the  Cincinnati  anticlinal,  so  is  the  Berea 
Grit,  and  when  the  Berea  Grit  does  not  apjiear,  then  the  upper  strata 
of  the  Antrim  have  a  red  facies  like  the  Bedford  of  Ohio,  or  the  Kich- 
mond  top  to  the  very  similar  Lorraine,  Utica  and  Richmond. 

This  red  facies-  is,  it  seems  to  me,  very  likely  a  land  or  delta  facies, 
the  oxidation  being  due  to  exposure  to  atmospheric  oxidation.  Where 
the  Berea  Grit  is  iccll  developed  it  is,  I  believe,  never  found.  It  there- 

fore may  indicate  some  uplift;  an  uplift  generally  taken  to  mark  the 
close  of  the  Devonian  and  beginning  of  Carboniferous.  There  is  no 
(juestion  but  that  the  Antrim  would  include  some  of  the  Ohio  Bedford 
if  it  is  present.  The  upper  part  of  the  Antrim  is  blue  rather  than  black 
and  frequently  there  are  beds  of  sand  and  grit.  There  is  generally  at 
least  100  feet  of  the  bottom  black  shale,  but  as  there  are  blue  and  black 

shales  alternating  at  times,  the  records  may  or  may  not  show^  the  Cleve- 
land, Chagrin  and  Huron  as  one  solid  black  shale,  or  may  overlook  the 

Cleveland  and  count  everj'thing  doAvn  to  the  Huron  as  blue  shale.  At 
Grayling,  Ludington,  Bay  City,  Jackson,  and  Ann  Arbor,  however,  con- 

1  Chamberlin.    II.    p.    430 :    Schuchert,    Grabau,    etc. 
2  But  the  Bedford  is  not  always  red.  See  Morse  &  Foerste.  Journal  of  Geol.,  1909,  (XVII 

II)    p.    166. 
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tiinions  sets  of  examples  were  kept,  and  beginning  at  what  we  take  to  be 
the  base  of  the  Berea  or  Suubiirv  shale  we  have  the  following  results: 

Grayling  No.  1. 

Red  and  blue  shale      50-1590 
Dark  shale   210-1800 
Blue  shale   100-1900 
Green  and  black  shale   100-2000 
Green  and  blue   125-2125 
Very  black  shale...     40-2165 

365 

Bay  City. 

Gray  and  white  sandstone   170-2265 
Blue  shale      25-2290 
Black,  oilyi     80-2370 
Black,  with  signs  of  limestone. .  .  120-2490 
Black  pyritic      90-2580 

Grayling  No.  2. 

Rusty  at    1720 
Dark   220-1980 

Gray       80-2060 
Black   140-2200 
Gray       40-2240 
Black      40-2280 

300 

Jackson. 

Sandy  shale    75-1475 
Dark  shale    5-1480 
Black  shale   132-1612 
Blue  shale    12-1624 
Black  shale    61-1685 
Calcareous  black    20-1705 

^15  J    h^t  Black    10-1715 235+ 

Ann  Arbor. 

Gray  sandstone    15-415 
Sandy  shale    25-440 
Black    5-445 
Gray  sandy    75-520 
Black  and  green    10-530 
Gray    15-545 
Black    30-575 
Sandstone    5-580 
Black  sandy    20-600 
Black    80-680 

Harbor  Beach.  Alma. 

Blue    50  Black  shale . 
Black    3  Blue  shale .  . 
Blue    133  Black  shale. 
Black    270 

Ludington. 

Blue  green  shale  Coldwater   550-1200 
Black  shale   200-1400 

No    difference    noted    in    samples 
taken  every  25  feet. 

^lanchester. 

.  50-2300?       Red  shale  clay  .  .  2-329 
.   60-2360         Blue  shale    12-341 
.  260-2620         Black  shale    11-352 
                    Blue  shale    138-490 
315                  Black  shale    110-600 

The  variability  shoAvn  is  that  of  delta,  estuarine  or  mnddy  sea  de- 
posits. When  a  well  marked  Berea  Grit  horizon  is  wanting  as^  for  in- 

stance at  Alma  and  Grajiing,  it  must  be  largeh'  guess  work  to  draw  the 
line  at  the  top  of  the  Antrim. 

29.     Berea  Grit   (or  standstone-)    273  feet. 
This  is  an  Ohio  formation  and  has  never  been  seen  at  the  surface  in 

Michigan,  but  may  be  traced  very  well  along  the  flanks  of  the  Cincinnati 
anticlinal,  from  near  Adrian"  north.  Westward  it  seems  soon  to  dis- 

appear and  to  be  spott;\'  in  occurrence.*  Eastward  it  is  persistent  in 
Ohio,  but  thin,  about  50  feet  or  less  and  may  well  have  been  continuous 
with  its  Michigan  outcrops.  Northeast  it  is  continuous  past  Ann  Arbor 
and  Pontiac  and  Birmingham,  Komeo,  Utica  and  Berville  to  the  south- 

JSix  feet  of  rock  salt  at  2304-2310?  (precipitated). 
-  Compare    Oneonta,    Chemung    and    Catskill. "  Madison   Oil   Co.    4.50.500. 
^Manchester   Oil    Co.    2    feet    red   clay.      Osseo,    Hillsdale,    Jacksou,   etc. 
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east  corner  of  Sanilac  county.  Thence  as  shown  in  the  Huron  county  re- 
])ort^  it  may  bo  followed  continuously  in  a  series  of  wells  ])ut  down  to 
taj)  its  brine  around  the  Thumb  to  Bay  City,  and  it  was  also  struck  at 
Columbiaville,  Flint,  IMorrice,  lUackmar  and  other  wells  between.  Fi'om 
]iay  (Mty  it  may  be  traced  north  \n\si  Standish,-  East  Tawas,^  Oscoda,* 
and  Killmaster'^  to  Ilarrisville.''  near  which  it  <(tmes  to  the  under  sui-face 
of  the  drift.  Its  thickness  is  usually  about  lOO  feet,  and  as  is  well  shown 
in  Huron  county,  it  thickens  oradually  from  about  40  feet  until  it  is 
thickest  near  its  western  maroin  (over  200  feet)  where  it  disaj^tears 
suddenly.  It  is  exceptionally  salt  even  near  the  surface,  and  the  brine 
is  unusually  free  from  sulphates,  much  more  so  than  those  of  the  Trav- 

erse or  Dundee. 

It  is  generally  fine  grained,  micaceous,  a  grindstone,  and  overlain  by 
a  black  shale  (the  Bei'ea  or  Sunbury  shale). 
Now  if  we  take  the  Alma,  Bay  City  and  Caseville  wells  and  figure 

from  the  top  of  the  Marshall  as  a  line  of  level  we  shall  find  the  Berea 
Grit  thick  at  Bay  City  and  then  tapering  off  and  thinner  as  though  found 
along  the  shore  to  the  west  of  it,  and  in  fact  if  we  com})are  the  whole 
thickness  from  the  INIarshall  to  the  top  of  the  Traverse  we  find  it  thinner 
to  the  west.  At  Grand  Rapids  it  is  1G47  as  against  1015  at  Alma,  1700 
at  Bay  City,  1840  at  Caseville,  Hence  we  have  the  form  of  a  deposit 
(see  Figure  0)  formed  along  a  shore  running  nearly  N.  and  S.  through 
the  center  of  Michigan,  It  is  also  true  that  it  is  coarser  where  it  is 
thicker  and  not  so  pure,  more  of  a  fine  grained  grindstone,  to  the  east. 

Fig.    6.       Section    of    Berea    Grit    and    adjacent    formations    from    Grand    Rapids    to    Hnron county. 

This  would  })oint  to  a  marked  drop  in  sea  level  which  may  as  well  be 
taken  for  the  dividing  line  between  Carboniferous  and  Devonian.  The 

paleontologists  are  inclined  to  draw'  the  line  lower  down.  In  that  re- 
spect we  have  something  like  the  same  question  that  arises  as  to  the  red 

Kichmond  shales  which  are  near  or  at  the  top  of  the  Devonian,  but  there 

is  a  marked  difi'erence  here  in  that  above  the  Berea  Grit  we  do  not  pass 
into  limestone  like  the  Clinton  limestones,  but  back  into  black  shales, 
like  the  base  of  the  Antrim,  the  Berea  or  Sunbury  shale.  The  conditions 
were  this  time  more  those  of  ihe  Black  sea  rather  than  the  Red  sea.  The 
extreme  saltness  of  the  brine  may  perhaps  be  accounted  for  in  part  by 
the  erosion  Of  the  salt  beds  of  the  underlying  8alina  during  the  uplift. 

iVoI.    VII,    Part    2.    p.    28. 
2  Report    1901,    p.    24. 
'Volume  V,   Part  2,  p.  57. 
<  Report   for  1901.   p.   70. 
SjReport   for   190],   p.   66. 
6  Report   for   1904. 
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The  lowuef>s  in  sulphates  may  also  be  thus  accounted  for.  The  sulphates 
might  also  be  deoxidized  by  the  associated  black  shales  or  the  oil  or  gas 
often  contained.  l)ut  the  water  is  not  notably  charged  Avith  H,S,  and 
we  must  therefore  a^^sunie  that  there  was  enough  iron  to  precipitate  it 
as  pyrite.  But  the  hard  pyritic  crusts  are  not  so  characteristic  as  for 
the  sulphate  brines  of  the  Traverse  and  Dundee  below.  AYe  are  in- 

clined to  believe  there  was  originally  less  sulphate,  and  that  would  point 
to  a  less  arid  climate^  and  with  that  the  black  shales  and  greater  abund- 

ance of  mud  are  in  agreement.  At  any  rate  the  Berea  Grit  seems  to 
mark  an  episode  apart  from  any  great  climatic  change.  Competent  au- 

thorities say  that  in  following  it  across  Ohio  into  New  York  and  Penn- 
sylvania it  becomes  red  Catskill. 

30.  Coldwater  shale.  Part  of  old  Waverly,  J^unbury  or  Berea  shale, 
l)lus  Cuyahoga,  which  includes  Buena  Yista),  plus  Raccoon  and  part  of 
Black  Hand,  i>erhaps;  Orangeville  and  lr>harpville?     1,000  feet. 

The  next  series  lithologically  corresponds  to  the  New  Y'ork,  Port- 
age and  Chemung  and  is  one  largely  of  shales  which  generally  make 

valleys  in  the  bed  rock  surface  and  in  a  state  so  heavily  drift  laden  as 
Michigan  are  rarely  exposed.  In  well  drillings  it  must  be  often  a 
matter  of  guess  work  and  correlation  by  corresponding  thicknesses  and 
trifling  distinctions  to  subdivide  this  formation.  In  Ohio  there  are  two 
or  three  distinctions  clearly  made.  The  thickest,  most  carefully  studied 

and  best  exposed  section  is  that  of  Huron  county,-  as  follows: 

Blue  and  sandy  shales  of    Willow  river  and    Sees.  2  and  3 
Huron    toAvnship    . '.    172 

Black  Hand  of  Ohio?  in  part 

Light  House  Point  conglomerate,  Herrick's  I.  large  fauna.  .         4     176 
Directly  under  should  come  the  Racoon,  Herrick's  Wav- 

erly shale  fauna. 
Blue  shales  vcith  carbonate  of  iron  of  Port  Hoiie,  Harbor 

Beach,  White  Rock  to  Forestville,  with  Chonetcs  Scitulus 
cf  pulcliclla.  common  throughout         720     896 

Black  Sunbury  shale  with  Lingiila  nielle  and  Orhiculoidca 

ncicherryl  in  Ohio   '       103     999 practically  an  even  1,000  feet. 

The  black  shale  base  is  vcri/  persistent  when  the  Berea  comes  beneath, 
and  continues  as  at  Alma  and  Grayling  and  Killmaster,  even  beyond  the 
limits  of  the  Berea.  This  is  presumably  the  equivalent  of  the  Suubury 
or  Berea  black  shale  of  Ohio  and  like  that  it  is  a  persistent  and  wide 
spread  horizon.  A  number  of  records  give  a  few  feet  of  red  shale  on 
top,  then  a  few  of  black  below  (Jackson,  Grand  Rapids  and  Killmaster). 
The  thickness  is  generally  only  2.5  to  55  feet,  averaging  about  40,  in  Ohio 
it  varies  from  30  feet  down  to  nearly  nothing  and  may  be  traced  clear 
into  Kentucky.  It  is  clear  that  in  well  records  there  must  be  some  un- 

certainty as  to  whether  we  are  dealing  with  red  Bedford  or  the  red  top 
of  the  Sunbury  in  wells  where  the  Berea  Grit  itself  is  absent.  In  the 

extreme  western  part  of  the  state,  as  at  Dowagiac  and  Constautine" 
(one  well  only)  less  than  20  feet  of  red  shale  has  to  do  duty  for  Bedford 

■  iSee  analyses  in  Clarke's  Data  of  Geochemi^trv. 
2  Volnme  VII.   part  2.  pp.  J8-27.  26,   247-252.   Plate   I. 
3  Annual    report    for    1903.    pp.    281     282. 
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to  Sunbury,  and  the  Auiriiii  ln'iiojitli  is  lliiii.  1  luivc  lui  (|iusli<)ii  thai 
this  represents  a  land  snrfaco,  and  1  think  llic  red  sliak'  is  the  weathered 

top  ol"  the  lower  formation.  It  is  eonceivable  that  the  Iterea  (!rit  once 
extended  further  and  has  been  eroded  away.' 

There  has  been  some  (jnestion  as  to  whether  it  would  be  better  to  cut 
the  Berea  or  Sunbury  shale  off  from  the  Coldwater.  IJut  it  was  in- 

cluded in  the  original  definition  of  Coldwater  and  has  been  recognized 
in  Michigan  only  lithologically.  It  would  seem  best  for  the  jires- 
eut  to  keep  the  term  Coldwater  as  originally  introduced  to  cover  the 
interval  from  IJerea  Grit  to  Marshall,  and  use  the  Ohio  terms  Sunbury 
and  Cuyahoga.  liuena  Vista  and  IJaccoon  for  fitting  subdivisions,  so  far 
as  possible. 

The  Bay  City  section  is,  according  to  Cooper : 

Top  at    .  1290 
Light  blue  shales    460-1750 
Darker  shales    50-1800 
Light  shales    120-1920 
Red  shales  (salty?)    20-1940 
Light  shales    10-1950 
Red  sandy  shale    10-1960 
Blue  shales    100-2060 
Sunbury  black  shales    40-2100 

See  Vol.  V  (Hill's  report  as  Salt  Inspector,  1884) .    1285 White  shale    105 
Sandy    120 
Blue    20-1530 
Hard  limestone  (probably  siderite)    18 
Blue  shale    200 
White  shale    50 
Black  shale    35 
Black  limestone    65 
Brine  bearing  sandstone    15-1913 
White  shale    70 
Hard  limestone(?)    50-2033 

Sunburij? 
Soft  black  sand    15 
Shale    25 
Black  pily  shale    25-2100 

A  brine  sandstone,  not  really  at  the  Berea  Grit  level  but  some- 
Avhat  above  seems  to  appear  at  Grand  Ka])ids  155-1205.  Compare  also 
Kalamazoo  at  about  710  feet.  The  Berea  probably  comes  between 

000'  and  1,000'.  Also  Dowagiac  at  ?>S0  feet;  Allegan  at  580-G15 ;  and 
Charlotte  at  llGO-1500  may  be  compared.  The  sandy  horizon  at  about 
1920  under  Bay  City,  somewhat  brine  bearing,  about  200  feet  above  the 

base,  may  be  compared  with  a  sandstone  at  1175-1200''  at  Grand  Rapids, 
and  may  correspond  to  that  at  Bichmondville.  Brine  bearing  sandstones 
in  the  Coldwater  are  also  reported  from  Bayport,  Caseville  and  the 
neighborhood  of  East  Tawas,  but  correlations  are  largely  guess  work, 
as  all  of  them  are  readily  overlooked  by  drillers  on  the  one  hand,  and 
none  of  them  are  thick,  and  sandy  salty  streaks  are  without  question 
liable  to  occur  at  various  levels.     Hard  streaks  are  also  liable  to  occur 

lOn  the  whole,  however,  it  seems  more  likely  that  while  the  whole  period  Bedford  to 
Sunbury  was  one  of  elevation,  there  were  two  times  when  the  shore  line  advanced  farthest 
east, — one  just  before  the  Berea  Grit,  one  just  after  the  Sunburv  shale,  correlative  to  the 
Buena   Vista   flajrs.      Compare   Bay   City   lOOO'-lOOO'  down. 

12 
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which  are  hirgelv  bands  of  iron  carbonate,  or  they  may  be  huge  round 
kidneys  just  such  as  are  known  to  exist. 

The  outcrops  of  tlie  Coldwater  were  described  by  the  first  Geological 
Survey,  Hubbard,  and  others,  by  AYinchell  in  a  long  series  of  papers^ 
and  by  Rominger-  who  calls  it  and  the  ̂ Marshall,  the  Waverly  Group. 
It  covers  a  considerable  arexi. 
On  the  w^estern  side  of  the  state  the  Upper  Coldwater  (or  possibly 

the  Lower  Marshall)  about  300  feet  below  the  top  or  700  feet  above  the 

bottom  becomes  distinctly  more  of  a  limestone.^  At  least  that  is  one 

way  to  interpret  the  records  at  Squier's  well,  Bridgeton  Twp.  Sec.  36, 
11  N.,  14  W.,  Ludington,  Muskegon,  Grand  Haven  and  Grand  Rapids. 

Squier's  Well. 

Drift  to      305ft. 
Limestone        55 
Red  sand   340 
Gray  sand  and 

seams  of  water 
2nd  casing  at.  800 

Shale  to   1400 

Ludington. 

Drift  to      576ft. 
Limestone  and  salt 

water       74 

Blue  shale      550 

Muskegon.     Central  Paper  Co. 

Lower  Marshall 

Sandy  shale    77 

Upper  Coldwater? Dark  calcareous  shale. .  .  315 
Dolomitic  limestone    35 
Calcareous  shale    185 
Fossiliferous  limestone.  .  25 
Lower  Coldwater. 

Flags    530 

Grand  Haven. 

Lower  Marshall 

Red  sandstone  and  clay  uncon- 
formity        13 

Black  shale  with  thin  limestone 
strata      278 

Gray  limestone          1 
Dark  shale  with  thin  limestone 

strata        35 
Light  ditto        24 
Hard  blue  limestone  .  .  .          8 
Sandstone  and  limestone,  salty 

water         6-358 

Grand  Rapids. 

Sandy  shale   
Light  blue  shale . 

1090 

20 
280 

Dark  dolomitic  limestone        20 

Sand  and  limestone,  salty  water . 
Lower  Coldwater   

30-388 
800? 

Alma  has  sandstone,  black  shale  and  limestone  between  1575  and 
1740,  i.  e.  560  feet  below  the  top  of  the  Marshall,  corresponding  to  Bay 

City  1530'  in  the  well  of  Volume  V  (Atlantic  Mill)  1750'  in  the  Soutli 
Bay  City  well.  This  we  may  strongly  suspect  includes  the  upper  part  of 

the  Coldwater  down  to  Herrick's  conglomerate  1,  the  Black  Hand  and Racoon. 

In  the  Charlotte  well  from  570-680  is  sandrock,  from  680-1150  appear 
ing  to  be  shaly  limestone,  if  the  samples  are  representative.  There  are 
350  feet  below  down  to  the  Berea  horizon.  So  at  Jackson  is  a  salty  rock 
at  660  which  in  Volume  V  I  took  to  be  the  Xapoleon,  but  I  am  quite  sure 
that  I  was  mistaken.  This  would  seem  to  be  an  appearance  of  the  Michi- 

gan Series,  or  rather  a  Kinderhook  fades  and  an  incursion  of  the  west- 
ern Carboniferous  during  the  CoUhvater.    It  looks  as  though  the  eastern 

^Biennial   report   1800.     See  also  Weeks  in   Bull.   191    on  Marshall. 
^Volume  III,   Part   1,   Chapter   VIII,   pp.   67.   75. 
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side  woni  up,  llio  ■wostern  down,  ;il  about  this  lime  illic  Coldwatcr  and 
Mai  shall)  and  that  coi-i-esiionds  with  what  is  known  of  the  continent 
in  a  large  way.  Tliis  marks,  it  will  he  noticed,  a  shift  in  balance,  be- 

cause earlier  the  Berea,  late  Hamilton,  late  Monroe  and  early  Salina 
unconformities  are  all  more  pronounced  on  the  west  side. 

The  abundance  of  goniatites  in  the  sandy  beach-like  beds  of  the  Lower 
Marshall  sugoests  that  they  were  o})en  to  the  western  ocean,  and  wo 
should  exiK'ct  an  even  more  Kinderhook  faeies  in  the  Ujiper  Coldwater 

and  Lower  Marshall  of  the  western  i)art  of  the  state.  T'nfortunately 
there  is  not  tlu'  slighest  chance  of  outcro])s  of  this  calcareous  Lower 
^larshall  or  U|)per  Coldwater,  but  possibly  some  fragments  of  the  fauna 
might  be  identified  in  the  drift  back  of  Ludiugtou. 

The  Coldwater  gradually  passes  into  the  sandier  faeies  of  the  Lower 
]\Lirshall  and  where  to  draw  the  line  is  a  problem  not  easy  to  settle. 
It  will  be  discussed  in  connection  with  the  Marshall.  The  Coldwater 
appears  to  be  nearly  as  thick  even  if  more  calcareous  to  the  west\  the 
total  for  Lower  ̂ farshall  and  Coldwater  being  always  a  little  over  1,000 
feet. 

31.  Marshall  Sandstone  (Raccoon  possibly,  IJIack  Hand  and  Logan 
of  Ohio  in   part).     560— 

This  formation  was  extensively  studied  by  Prof.  A.  Winchell  who 
in  distinction  from  earlier  writers  recognized  the  Carboniferous  tyjie  of 
its  fauna.  AAlien  he  first  introduced  the  term  (report  for  1860)  he  made 
a  heavy  sandstone  which  he  called  the  Napoleon  the  base  of  the  Carboni- 

ferous, and  called  the  beds  beneath,  including  the  Huron  county  grind- 
stone quarries,  the  Marshall,  the  top  of  the  Devonian  corresponding  to 

Chemung.  Later-  his  investigations  led  him  to  include  the  Marshall 
with  the  Carboniferous,  and  then  he  also  united  the  Napoleon  sandstone 
with  it  as  Upper  Marshall,  and  finally  concluded  apparently  that  it 
was  not  worth  sei)arating  but  only  a  lentil.  The  whole  matter  is  discussed 
in  full  in  the  Huron  county  report.  The  Marshall  is  evidently  a  case  of 
emergence,  micaceous  sandstones  becoming  more  and  more  abundant, 
and  bands  of  carbonate  of  iron  and  fossils,  while  blue  shales  still  per- 

sist in  layers.  At  a  number  of  places  white  sandstones  occur  and  thin 
beds  of  what  I  have  called  jDeanut  conglomerate,  white  quartz  pebbles 
with  a  heavy  cement  of  carbonate  largely  of  iron,  which  weathers  brown 
and  gives  the  color  effect  of  peanut  candy.  The  transition  from  Cold- 
water  is  gradual,  and  it  is  not  easy  to  fix  the  line  consistently.  In 
fact  there  are  some  paleontological  reasons  for  believing  that  the  whole 
southwestern  Marshall  mav  be  older  that  the  Huron  countv. 

»  Grayling.   Lower  Marshall  and   Coldwater,   540-1540=1,000. 
Grand    Rapids,    Lower    Marshall,    400-1500  ?=1, 100   about. 
Muskegon,   325-1200.    1400   or   1500.    about   300   Lower   Marshall. 
Grand   Haven.    197?-1400?=1,200. 
Alleeran,  255-990=735  7 
Assyria.    320-1400=1,080. 

2  See  references   in   Weeks   Bull.    191,   U.    S.    G.    S..   p.    260.      But   add   al.so  Am.    Jour.    Sci., 
Vol.  33,  pp.   352-350,  and   Proc.   Acad.   Xat.  Sci..   XIV.  pp.  405-430. 
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The  Hurou  county   jseetion  is  fullest,   as  follows: 

Napoleon  (Upper  ilarshall)  sandstone    300  300 
Lower  Marshall  (Original  Marshall) 

Hardwood  Point  shales  and  sandy  flags,  fossiliferous,  "typical  Marshall' fauna    ^5  385 
Port  Austin  sandstone    23  408 
Sandy  shale    68  476 
Point  Aux  Barques  sandstone    18  494 
Shales  and  flags  with  Romingerina  Julia    41  535 
Grindstones  w  ith  bands  of  peanut  conglomerate  and  broken  goniatite  shells  25  560 

The  facies  with  the  battered  shells,  chip  pebbles,  (now  coal),  Solens 
aud  lamellibranchs  is  a  real  shore  facies.  As  we  j;o  toward  the  center 
of  the  basin  the  sandy  facies  of  the  Lower  Marshall  seems  to  disapi>ear, 
especially  the  clear  white  sandstone,  nor  is  the  upper  sandstone  so  thick? 

The  Bay  City  section  is,  according  to  Cooper: 
Napoleon . 

Top    850 
Sandstone       20  20 

Shaly       20  40 
Coarse  gray  sandstone       80  120  to     970 

120 

Lower  Marshall. 
Red  sandstone    100  220 
Blue  shale    30  250 
Red  shale    20  270 
Red  sandstone    20  290 
Light  blue  shale    45  335 
Red  shale    5  :M0 
Red  sandstone    100  440  to  1290 

320 

This  may  quite  likely  include  the  Coldwater  down  to  the  (Point  aux 
Barques)  Light  house  conglomerate,  but  a  similarly  varied  section  is 
found  in  the  older  well.  In  Grayling  we  can  identify  one  sandstone 
only  (440-550)  and  below  is  all  plastic  blue  shale  (with  a  little  iron 
carbonate  perhaps  merely  in  kidneys  occasionally)  down  to  l)lack  Sun- 
bury  shales  at  IGO  feet. 

In  Alma  we  have: 

Napoleon  white  sandstone       85ft. 
Lower  Marshall  red  sandy  shale      200 
Red  shale       20 

305 

At  Blackmar  south  of  Saginaw  are  245  feet  of  red  and  l>lue  shales 
beneath  the  Upper  Marshall.  At  Owosso  and  Corunua  there  was  such  a 
varied  section  that  there  seems  to  l)e  some  reason  to  believe  that  during 
the  late  Coldwater  and  Marshall  there  was  not  only  a  slight  uplift,  but 
a  fold  right  in  Michigan,  between  Lansing  aud  Owosso,  so  that  the 
shore  may  have  run  along  in  a  wavy  line  projecting  north  of  Lansing 
from  Huron  county  to  Hillsdale,  while  the  north  i)art  of  the  basin  was 
less  elevated. 
We  find  it  diflBcult  at  St.  Johns,  Ionia  aud  Lansing  to  recognize  the 

Marshall  in  imperfect  well  records.  The  Charlotte  well  is  important 
though  peculiar  in  that  the  Bellevue  limestones  near  by  do  not  show.   But 
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the  saiulstoues  in  it  from  370  to  OSO  feet  down  (310)  slionld  almost  cer- 

tainly include  some  part  of  the  Marshall,  hecansi^  their  base  is  about 
1,270  feet  above  the  base  of  the  Antrim,  which  ajjrees  fairly  with  the 

section  in  Huron  county  (450  +  10(51  =  l.")! 7.  lhou<ih  to  be  sure  a  more 
exact  c<|uivalent  would  be  the  Lifj,ht  House  c<»u<>l()merate  (ir)17-170  = 
1341.  A<>ain  correlation  with  the  base  of  the  sandstones  in  the  Assyria 

well  jjives  a  di])  of  14.4  feet  inn*  mile,  and  ihc  dip  of  the  base  of  the 
Antrim  shale  is  about  the  same  (15.0  feet  per  milei.  Such  a  dip  would 

brinjr  the  sandstones  between  370  and  O.-^O  ft.  to  outcrop  beneath  the 
Kalamazoo  valley  along;  which  the  Mai-shall  sandstone  of  the  southern 
part  of  the  state  outcroi)s.  A  somewhat  stee])er  dip  of  21  feet  i>ev  mile 
is  indicated  as  the  dij)  of  the  Antrim  from  Coldwater  to  Charlotte  and 
such  a  dip  would  make  the  Charlotte  well  and  the  outcrops  agree 
exactly. 

The  record  of  the  Assyria  well.  017  A.  T..  is  as  follows,  which  we 
may  summarize  as: 

Top  at    --10 
Upper  Marshall        SOft. 
Lower  Marshall 

Calcareous  blue  and  sandy  shale    110 
Gray  fine  sandstone        20 
Gray  sandy  shale       50  180  260 

Winchell   originally   ascribed   159   feet  to   the  Lower  ̂ Marshall. 
A  correlation  of  the  deeper  beds  of  the  Assyria  and  Kalamazoo  wells 

leads  to  dips  of  about  24  feet  per  mile  for  the  deeper  beds.  The  upi)er 
dips  are  always  less  so  that  the  outcrops  exposed  in  the  Kalamazoo 
valley  about  100  feet  lower  and  10  to  15  miles  farther  southwest,  must 
be  near  the  base  of  the  section  thus  assigned  also. 

The  Grand  Rapids  well  gives  a  comparable  thickness  of  sandy  beds 
from  128  to  400  =  272  feet.  The  rise  to  Grand  Haven  must  be  100  to 
200  feet  so  that  the  corresponding  strata  there  should  be  less  deep.  We 
find  red  sandstone  197-205 ;  and  red  clay  to  210,  then  sandstone  and  lime- 

stone to  GOO  feet,  corresponding  at  Grand  Rapids  to  712.  The  Jackson 
wells  are  varied  and  not  easy  to  interpret,  but  unless  we  imagine  a 
fold  not  in  harmony  with  the  strike  of  the  Bayport  Maxville  limestone 
at  the  surface,  it  should  only  include  the  sandstones  down  to  430  feet 
and  I  made  an  error  in  correlation  in  V. 
Now  how  is  this  thinner  section  in  the  southwestern  portion  of  the 

state  produced?  As  the  Marshall  is  an  emergent  formation  it  is  easy 
to  assume  that  this  part  of  the  formation  emerged  sooner  and  was  more 
eroded,  and  less  soon  covered.  The  series  that  came  after  the  emergence 
should  be  less  complete  then  also,  and  as  a  matter  of  fact  the  Michigan 
Series  here  lacks  gypsum  and  seems  otherwise  less  complete. 

But  may  it  not  be  that  not  only  did  emergence  but  the  tendency  to- 
ward emergence  indicated  by  the  sandy  facies  begin  sooner?  There  is 

a  faunal  indication  of  this, 

The  Marshall  is  well  exposed  in  Hillsdale  county,  and  thence  by  way 
of  Allegan  to  the  Waverlv  sandstone  quarries  near  Holland.  The  well 
of  Dr.  S.  Monroe  of  Grand  Haven  shows  from  197  to  000  (403)  feet 

of  varied  red,  sandy,  shaly  and  limestone  iK^ds  that  may  he  lower 
Marshall.  The  Waverly  quarries  near  Holland  gave  Cooper  a  fauna  of 
the  Raccoon  shales  of  Ohio  and  thus  would  correspond  to  the  Coldwater 



82  BOARD  OF  GEOLOGICAL  SURVEY. 

shales  below  the  Light  house  at  Point  aiix  IJarqiies.  This  same  fauna 

was  found  at  ̂ 'erona  Mills,  near  Battle  Creek,  at  Marshall  and  in  Hills- 
dale county^ 

At  Verona  Mills  the  Battle  Creek  Avater  works  wells  show  150  feet  of 

water  bearing  sandroek  beneath-  and  wells  at  Marshall  show  a  similar 
state  of  affairs.^ 

Thus  these  beds  are  clearly  up  in  the  Marshall  sandstone  formation 
which  can  be  traced  in  a  host  of  wells  for  water  all  along  to  Huron 
county.  Any  reasonable  dip  indicates  that  they  are  not  over  300  feet 
below  the  limestone  of  Bellevue  (Bayport  or  Maxville)  and  most  likely 
not  over  150  feet  below  the  top  of  the  Marshall.  Thus  the  total  thickness 
for  the  Marshall  of  this  part  of  the  state  of  a  little  less  than  300  feet, 
adding  the  100  to  150  feet  from  the  wells  agrees  with  all  we  have  found 
in  the  wells  at  Grand  Eapids  and  elsewhere. 

These  beds  moreover  have  a  fauna  which  has  not  been  found  in  Huron 

county,  nor  have  the  Huron  count}'  faunal  zones  been  found  in  the 
southwest  part  of  the  state  exactly.  But  the  Light  house  conglomerate 

fauna  is  the  same  as  that  of  Herrick's  conglomerate  I,  and  the  southern Marshall  fauna  is,  said  Wiuchell,  the  same  as  that  of  the  Kaccoon  shales 
directly  beneath  the  same,  and  hence  should  be  found  in  Huron  county 
some  200  feet  below  the  base  of  the  Marshall  as  there  delimited. 

A  simple  and  natural  explanation  would  be  that  the  Marshall  emer- 
gence took  place  earlier  to  the  southwest  than  to  the  northeast,  and  then 

the  question  at  once  arises,  must  we  not  reverse  our  definition  of  the 
Lower  ̂ farshall,  bringing  it  dowTi  to  include  the  Raccoon  shales  and  their 
equivalent  in  Huron  county,  down  to  Port  Hope  nearly,  adding  200  feet 
to  the  Huron  county  section,  and  making  the  ̂ Marshall  there  over  760 
feet  thick?  This  may  be  the  future  solution  of  the  question.  Cooper 
leans  to  it.  But  we  should  be  as  sure  as  possible  before  making  changes. 
So  we  must  ask  what  indications  are  there  of  a  land  mass  in  this  di- 

rection? Also  are  there  any  indications  of  a  shortened  geological  col 
umn  to  the  top  of  the  Marshall  in  this  direction?  To  the  second  ques- 

tion the  following  table  gives  answer. 

Grand  Haven.  Grand  Rapids. 

215  base  of  Marshall.  128  top  of  Marshall. 
420  base  of  Marshall. 

1400  top  of  Antrim.  1500  top  of  Antrim? 
   1775 
1185   
567  allowance  for  Antrim.  1647 

1752 

Assyria.       Charlotte.    Jackson  No.  2.  Alma.  Bay  City.    Huron  Co. 

Top  of  Marshall.         240  370  300?  1015  840  Uncon- 
Base  of  Marshall. . .  .       500  form- 
Top  of  Antrim   1400  ity. 

1755  1950  1767  2640        2580 

1515  1580  1467  1625         1740  2016 

There  is  no  thinning  as  compared  with  the  center  of  the  basin.  There 
is  a  little  thinning  as  compared  with  the  Huron  county  section,  but  not 
enough,  and  we  have  besides  to  allow  for  a  dropping  out  of  Berea  beds 

'  Paleoneilo  concentrica  and  altenuata  are  the  leading  fonns. 
2  Michigan   Engineer,    1906,   p.    136. 
3  Volume  V. 
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and  for  the  uiiusiuil  thirkiiess  of  the  Huron  conni.v   rjiper  Maishull  iis 
given  in  the  cohinm.  which  seems  very  local. 

The  limestone  character  of  the  western  (N)ldwaler  is  rather  against 

its  earlier  emergence,  as  well  as  the  relalivel.v  wide  sjircad  of  the  west- 
ern Kinderhook. 

Tliere  is  an  alternative  hypothesis  (supposing  the  paleontological 

facts  to  remain  estahlishedl  and  that  is  to  sujtpose  that  the  I'aleoneilo 
fauna  of  the  Kaccoon  shales  were  immigrants  northward  that  reached 
Ohio  earlier  but  did  not  reach  ̂ Michigan  until  later,  until  after  the  begin- 

ning of  the  Marshall.  This  seems  to  me  the  more  likely  because  the 
fauna  most  like  that  of  the  southern  ^lichigan  Marshall  that  we  find 
in  Huron  county  is  way  u])  in  the  Lower  Marshall  at  Flat  Rock  Point. 

:>L\  Michigan  Series.  Lower  (Irand  Kapids.  Logan  or  possibly  absent 
in   Ohio?      (380 — generally  about  200. 1 

The  ̂ larshall  is  Kinderhook  of  the  Illinois  reports.  Following  the 

Marshall  there  was  an  emergence  and  an  interval  of  erosion  without  de- 
position of  some  time  around  the  edges  of  the  basin,  but  perhaps  none 

near  the  center,  for  the  series  there  is  of  greater  thickness  and  its  de- 
posits of  gvpsum  attest  its  cut  otf  character  like  the  Caspian.  In  the 

Mt.  Pleasant  well  it  is  358  feet  thick  (1050-1408),  at  Midland  330  (020- 
1250),  at  Bay  City  220,  at  the  Saginaw  Plate  Glass  Works  206  (616- 
820),  East  Saginaw  236  (398-631).  and  in  Huron  county  we  could  make 
out  but  197  feet.     The  Grand  Rapids  sections  are  also  curtailed. 

The  Mt.  Pleasant  section  follows  and  a  comparison  shows  that  it  is 
fullest  of  any  in  the  state,  and  that  always  there  is  a  gypsum  or  anhy 
drite  bed  near  the  middle  of  the  formation,  and  that  with  this  is  associated 
dark  colored  dolomites  and  dark  blue  shales.  Sandstones  are  thin  and 
irregular  and  in  some  cases  there  are  dark  limestones  toward  the  base. 
These  dark  impure  limestones,  are  quite  different  from  the  Bayport 
limestone.  The  section  around  the  margin  if  at  all  full  is  something  like 
200  feet,  but  from  Tuscola  county  south  to  the  Assyria  well  are  a  lot  of 
wells  in  which  it  is  hard  to  recognize  this  or  the  Bayport  at  all.  Occa- 

sionally, as  around  Byron,  very  salt  Avater  near  the  surface  may  indicate 

outliers  of  it.  The  water  from  the  formation  is  salty  and  "bitter*'  full 
of  calcium  and  magnesium  sulphate  and  in  that  respect  very  different 
from  the  Marshall  immediately  underlying.  The  absence  of  the  Michigan 
series  from  the  southeastern  part  of  the  state  does  not  seem  to  be  wholly 
due  to  erosion  at  top  but  to  uplift  of  the  bottom,  the  emergence  of  the 
Marshall  having  progressed  so  far  that  this  part  of  the  state  like  the 
corresponding  part  of  Ohio  was  out  of  water,  and  so  the  ̂ Michigan  basin 

cut  oft",  making  a  gypsum  and  dolomite  precipitating  sea. 
Mt.  Pleasant  section. 

Top  at  1025  feet. 
Shale    5 
Sandstone    20  25 
Dolomite  and  shale    75  100 
Anhydrite  and  dolomite    100  200 
Anhydrite    45  245 
Dolomite,  shale  and  anhydrite    103  348 
Sandstone    8  356 
Shale    5  361 
Sandstone    4  365 
Shale    15  380 
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The  date  of  this  emergence  during  which  the  Lower  Michigan  was 
forming  in  the  center  of  the  basin  is  pretty  definitely  fixed  on  paleogeo- 

graphic  grounds  as  that  of  the  Upper  Augusta^  or  Osage  and  the  interval 
between  Logan  and  Maxville  of  Ohio.  The  Michigan  series  seems  to  have 
continued  forming  until  a  depression  to  the  west  oi>ened  connection  with 
the  wide  ocean  at  the  time  of  the  Maxville  of  Ohio,  upi>er  St.  Louis  or 
Kaskaski  and  Chester  of  the  Mississippi  Valley,  this  elevation  during  the 

Mississippiau  culminating  between  the  upjier  and  lower  part.  The  sec- 
tion seems  to  be  continuous  without  disconformity  to  the  overlying  lime- 

stone, which  I  have  called  Upper  Grand  Rapids,  since  both  sets  of  beds 
were  well  exposed  near  Grand  Rapids  and  seem  in  many  ways  bound  to- 

gether. The  Lower  Grand  Rapids  must  then  include  the  Lower  ^?t. 
Louis  and  probably  the  Keokuk  and  perhaps  in  the  center  strata  repre- 

senting part  of  the  Burlington,  the  time  Kinderhook-St.  Lotiis  including 
an  era  of  emergence  in  which  all  of  Michigan  but  a  central  sea  was  out 
of  water.  The  exact  date  of  the  greatest  withdrawal  of  the  sea  we  can 
not  exactly  fix. 

The  dark  and  sometimes  even  black  slates  and  the  blue  and  dark  im- 
pure dolomites,  while  the  general  association  of  dolomite  and  gypsum 

is  like  that  of  the  Salina,  give  the  formation  a  more  muddy  look  than 
the  Salina  and  one  is  inclined  to  believe  that  some  land  waste  and  rain 
erosion  was  still  going  on,  though  local  conditions  favored  concentration, 
and  after  all  chemical  erosion  and  deposit  was  much  more  important  in 
the  Grand  Rapids  than  at  any  time  since  the  Traverse. 

o3.  ]\Ltxville  or  Bayport  Limestone,  Upi)er  Grand  Rapids,  Upi>er  St. 
Louis,  Middle  Kaskaskia.     (235  to  50  usually  eroded). 

This  formation  marks  the  culmination  of  a  transgression  which  closed 
the  time  of  the  Michigan  series.  Generally  it  is  only  50  to  75  feet  thick 
or  less,  and  seems  to  be  much  eroded  away  by  a  heavy  erosion  and  up- 

lift that  took  place  after  its  formation.  But  in  this  ilt.  Pleasant  well 
there  is  235  feet  that  may  belong  here,  to  wit: 

Top  at  790  feet. 
Shale  and  red  limestone  (weathered)?    30  820 
White  limestone    30  850 
White  sandstone,  verv  salt  water    120  970 

AVhite  limestone ....".    55  1025 

Lithologically  both  these  white  limestones  resemble  the  Bayport  lime- 
stone, both  effervescent,  high  grade  calcium  carbonate.  The  sandstone 

between  might  be  taken  as  Parma.  But  the  pebbly  character  of  the  bed 
above  790  feet  is  more  that  of  the  Parma.  It  may  also  be  suggested 
that  the  white  limestone  and  sandstone  should  be  considered  Michigan, 
but  they  are  lithologically  entirely  unlike  the  ̂ Michigan  elsewhere,  which 
seems  to  be  amply  represented  below.  However  neither  the  Alma  nor 
Midland  wells  show  any  such  thickness  of  even  possibly  Maxville.  But 
the  whole  formation  exists  merely  in  fragments,  the  subsequent  erosion 
was  so  heavy.  Light  bluish  hard  limestones,  with  chert  and  white  sand- 
.stones  are  characteristic.  It  is  the  typical  old  subcarboniferous  lime- 

stone. Faunally  (with  Allorisma,  Lithostrotiou  Canadcnsc,  etc.)  it  is 
also  closely  allied  with  the  Upper  St.  Louis,  the  middle  of  the  Kaskaskia, 
and  the  Ohio  ̂ laxville  an  epoch  of  maximum  ocean  extent  at  this  time. 

See     Huron   fonnty    report,   p.    l.'i.   but   see   Chamlx'rlin,    II.   pp.    501  4. 
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I  (](>  not  know  any  jiood  reason  I'oi-  not  callinji  il  .Mawillc'  Owiii;;  to 
the  Iioavy  .snbsecjnent  erosion  llieic  is  no  ti'llinj;  how  I'ar  it  may  have 
extended,  bnt  it  certainly  extended  into  llnron  and  Aicnac  couidifs  and 
thence  west.  It  also  extended  sonlh  of  -lackson,  and  may  once  have 
i;one  over  into  Ohio  continuonsly. 

However  in  a  region,  from  Tuscola  connly  sonlh  aionnd  Dnrand, 
Morrice  and  Tlowell,  there  seems  to  be  an  area  where  it  does  not  now 

occur  and  perhajis  never  occurred.  An  anticlinal  nj>lift  eitliei-  prevented 
its  formation  or  caused  il  to  be  eroded  away.  From  .lackson  to  (Irand 

Kajiids  past  Kellevue  and  Assyria,  however,  there  are  frecpu'nt  si<;ns 
of  its  presence,  thougii  the  coal  measures  are  laid  upon  it  with  a  very 
marked  unconformity. 

A  detailed  section  at  Bayport  is  <»iven  in  the  Huron  county  rei)ort  and 
the  following  section  at  Grand  Rapids  ])re])ared  over  50  years  ago  by 
E.  A.  Strong  for  A.  Winchell  is  of  historic  interest  : 

"Stratification  at  Taylor's  Quarry. 

Subcarboniferous  Limestone — Grand   Kapids. 

2^         Soil — reddish    with    boulders    1 
1 '         Soil,  with  thin  flakes  of  limestone    2 

Found  everywhere  above  the  limestone. 

4'          Impure   magnesian   limestone,   much   fractured    3 
A  stratum  very  like  Nos.  3  and  5  is  found  in  the  bed 

of  the  river  below  the  D.  &  M.  R.  R.  bridge. 

4'          Do  massive,  of  conchoidal  fracture    4 
7'          Like    (3)       5 
2'          Shale,    very    soft    6 
C/          Like    (4)    ■.    7 
2'         Shale       8 

li/o  ~     Massive  lime  rock      9 
2' '       Shale       10 
11/2°     Limestone — impure — 'red  band'      11 

Entirely  local. 
3'          Shale       12 
2°         Fractured    limerock       13 
2'          Shale       14 

31/2°     Massive  limestone      15 
.^'         Shale,  dark,  Avith  Cvathophvlli,  &c      16 

tr          Like    (1.5)      '.   .'    17 
2'          Like    (16)    IS 
41/2°     Massive  lime  rock  irregularly  banded  with  shale    19 

This  stone  is  dark  blue,  blotched  and  veined  with  darker 

and  has  the  appearance  of  the  lower  bed  at  Scribner's 
quarry. 

NOTES. 

"(3)  and  (5)  are  quite  fossiliferous,  abounding  especially  in  Allorisraa, 
etc.  The  upper  surface  of  (4)  is  covered  with  a  small  conchifer.  (7) 
is  like  (3)   and   (5)   except  in  structure.     In  places  it  is  so  filled  with 

'See   Michigan    Miner,   Dec,   1006.      T'.    S.    G.    S.    Water-Suppl.v   Tapers.    182-183. 13 
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lamellibrancbs  that  I  have  desiguated  it  the  Allorisma  bed.  (9),  (loj 
and  (19)  yield  a  very  good  lime.  This  stratum,  spoken  of  at  length  in  my 
notes  of  last  y^ar,  is  not  found  useful  as  a  building  stone.  Within  the 
compass  of  40  feet  it  changes  to  an  ordinary  limestone.  (13)  resembles 
(3)  and  (5)  except  that  fossils  are  rare.  It  has  the  same  smooth  rectan- 

gular fracture  and  like  them,  though  hard  when  fresh,  crumbles  quickly 
upon  exposure. 

The  above  section  was  taken  early  in  August,  since  which  the  rock 
has  been  jjcnetrated  to  a  depth  of  about  25  feet  in  stone  mainly  like 
No.  19.  I  have  exaggerated  the  color  in  my  statement  above  (No.  19). 
The  stone  however  in  the  upper  part  is  much  blotched. 

The  measurements  were  made  at  the  northeast  angle  of  the  quarry. 
The  strata  vary  much  in  thickness,  especially  the  shale.  On  the  south 
side  a  mass  of  sandstone  containing  carbonaceous  particles  is  obtruded 
through  Nos.  (19),  (18),  (17),  (IG),  and  (15).  It  cleaves  away  from 
the  limestone  on  either  side,  keeping  its  structure  quite  up  to  the  lime- 

stone. Near  by  a  bulging  mass  of  indurated  clay  is  thrust  up  from  No. 
(18)  nearly  through  No.  (15).  The  former  is  irregular,  and  does  not 
continue  across  the  excavation,  and  is  usuall.y  about  2  feet  in  thickness; 
the  latter  is  a  flattened  hemisphere  of  about  2  feet  radius.  So  far  as  ob- 

tained in  the  neighborhood  Nos.  (3),  (4),  (5),  (7)  and  (10)  are  uni- 
form and  persistent." 

Winchell  divided  it  into : 

(c)   Upper  10  feet 
(b)   Middle  or  red  layer  5  feet 
(a)   Lower,  arenaceous  below  51  feet. 

66  feet. 

A  thickness  of  50  to  100  feet  is  very  wide  spread^  but  around  Owosso 
and  Corunna  it  can  not  be  identified.  At  Lansing  it  seems  to  come  in 
from  442  feet  down  to  477  feet  at  the  city  waterworks,  319  or  412  feet 
to  435  feet  at  the  Industrial  School,  west  in  Meridian  at  about  the 
same  depth,  at  a  little  over  300  feet  under  Mason  and  in  some  of  the 
Jackson  wells,  while  it  is  cut  out  in  others. 

On  the  whole  the  climate  was  not  one  that  favored  the  formation  of 
shales,  but  limestone,  chert  and  clean  white  sandstone  rather,  and  as 
the  continent  was  sinking,  the  rivers  tended  to  aggrade  and  leave  their 
mud  before  reaching  the  sea. 

At  the  close  of  the  Bayport  formation  the  state  was  quite  likely  lifted 
entirely  above  water  for  quite  a  while,  since  wells  in  the  center  of  the 
basin  as  near  to  each  other  as  Alma,  Mt.  Pleasant  and  Midland  show 
very  different  sections,  and  the  Parma  conglomerate  base  of  the  coa] 
measures  appears  sometimes  at  one  level,  sometimes  at  another.  The 
Bayport  is  apparently  entirely  gone  at  Alma. 

This  then  would  be  the  line  between  the  Mississippian  and  Pennsyl- 
vanian,  in  this  state  the  strongest  disconformity  since  that  at  the  base  of 
the  Devonian,  and  the  fli*st  time  that  there  is  any  evidence  that  the 
whole  of  the  state  was  above  water. 

34.  Parma  Conglomerate.  Pennsylvanian,  Pottsville  (170  feet — ) 
(basal  member). 

^Saginaw  Plate  Glass  Works,   7",  to  S]  ;   East   Saginaw,   65  ;  Bay  City,   70-80. 
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TIk'  lerui-reiu'c  of  deposils  in  Micliigan  is  iiiaikcd  by  a  bed  of  con 
«;lonuM'alo.  The  pebbles  are  not  always  present  and  are  rather  snial' 
and  very  white,  abont  like  split  jieas,  and  the  mass  of  the  formal  ion  is 
sandstone.^  The  name  is  taken  from  a  ])oint  on  the  mar<>,in  of  the  basin 
whieh  is  very  likely  contemjiorary  with  shales,  etc.,  in  the  renter.  As  a 
term  then,  it  is,  like  the  Potsdam,  not  to  be  taken  as  of  definite  age  bnt 
as  the  nnderlying  basemental  and  shoreward  facies  of  the  Saginaw 
formation.  As  a  very  persistent  horizon  easily  recognized  by  the  pebbles 
which  are  rare  in  the  Michigan  colnmn  and  as  an  economically  import- 

ant water  bearer  it  deserves  a  place  in  the  column.  Comj)ared  ̂ \itli  the 
^farshall  brine  beneath,  it  has  less  of  the  earthy  chlorides,  more  of  the 
sulphates. 

The  wells  of  the  Saginaw  Plate  Glass  Works  have  a  set  of  samples 
which  show  the  characteristic  Parma  and  the  strata  above  and  below 
and  are  given  in  an  appendix. 

;>5.     Saginaw  Formation.     Upper  Pottsville.     (400). 
This  is  the  coal  bearing  series  of  Michigan.  All  the  other  formations 

seem  actually'  to  dip  and  occur  deeper  at  the  center  than  at  the  margi-^i 
of  the  basin.  Mr.  Barnes,  chief  driller  of  the  consolidated  Coal  Co., 
thinks  that  the  marginal  coal  seams,  at  Sebewaing  and  Jackson,  cor- 

respond to  the  deepest  seam  at  the  middle.  I  am  hardly  inclined  to 
think  it.  Their  chemical  character  is  more  like  upper  central  seams 
and  the  fauna  and  flora  of  the  upper  seams  at  the  center  and  the  flora 
at  the  margin  seem  similar.  No  indications  have  been  found  of  any 
fauna  or  flora  later  than  the  Pottsville,  the  age  of  anthracite  coal  in 
Pennsylvania,  but  a  large  part  of  the  area  is  unknown.  The  series  is  a 
succession  of  white  shales  (so-called  fire  clays)  or  sandstones,  black 
shales  (called  slate)  and  coal;  and  blue  shales,  with  occasional  thin 
bauds  of  black  band  ore  (siderite),  and  nodules  of  the  same  containing 
zinc  blende  and  iron  pyrites,  and  very  rarely  limestones  with  marine 

fossils-.  More  commonly,  but  still  rarely,  in  the  black  shales  a  LuKjula 
carhoiiaria  or  mytiloides,  and  at  Grand  Ledge  a  little  i^elecypod  like 
Anthracosia  occur,  and  this  Liugula  seems  to  mark  a  definite  horizon, 

that  of  the  Upper  ̂ 'erne,  the  two  Verne  coals  often  occurring  close 
together  and  sometimes  having  a  limestone  between.  The  complete  flora 
and  fauua  which  I  take  to  belong  to  the  Verne  is  as  follows:  (D. 
White). 

Upix?r  Verne  Roof. 

JAngula  (carhonaria  orj   mytiloides. 
Anthracosia  or  Macrodon  carhonaria. 
Lcpidodcndron  aciilcatuin    (early)   like  ohovatuni. 

'  lycopodioidcs  and  oTjovatum. 
Lepidostroh iis   variahilis. 

Neiiroptcris  n.  s.  (near  dcsorii)  fjcj'uosa,  and  one  like  JiarriKi  or 
rarinervis. 

Sphcnophi/lluin  cuncifolium  Grand  Ledge. 
emarginatum. 

^Still  Mr.  Barnes  tells  me  this  pebble  facios  is  pretty  persistent  all  over  Sapinaw  Bay 
and  Tuscola  counties,  but  it  seems  to  also  occur  iu  Lansing  in  the  body  of  the  coal  forma- 
tion. 

n'ol.  III.  I'art  -2.  pp.  42,  43,  96,  20?.:  Report  for  1007,  p.  19;  Report  for  1905,  pp. 
IS.-,    18S. 
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Corclaites  horassifoli  us. 

Card i oca  i -poii   ciiifa h  (jf/a . 
Diplothmond. 
Marloptcris ?  m urica to. 
Lepidodcndron  ch/pcatiini,  Jackson. 
Pseudopccoptcris  cf.  ovoldcnsis  Star  sp. 
Sphenopteris  (Cvosmthcca)  n.  sp. 
P.  ̂ phcnoptcris  fJ'aliiiatoptcris.^)   sjt. 
Pecopteris  doifata. 
Calamites   raviosus. 
Bothrodendroii  niinutifoliuDi. 
Stiffmaria    n  rnicosa. 
Heteranfjhuit. 

Letlei-  I),  ̂ \\\'\^v.  -Jan.  L'4.   I'M)."). 

Lower  Nerne  Koof. 

JAngula 
Orhiculoldea   (Disci iia). 
Product  us  Prattcnomls. 
Product  us  Diuricatiis. 
Avicula  acosta. 
Plenroph ora  oh lonff us. 
Xucula  ventricosa. 
Trcposp ira  s pJi  aeru  lata. 
Orfhoccras  rusJwnsc. 
Xavtiloid. 
Fish. 

This  is  Upper  Pottsville  (Beaver  or  Kanawha  i  near  fiercer,  compare 
the  Kanawha  Black  Flint,  Mercer  limestone  and  Stockton  coal,  and  is 

"also  near  the  top  of  the  Saginaw  formation.  How  mnch  lower  the  base 
may  possibly  go  we  have  no  means  of  knowing.  But  there  is  reason  to 
believe  that  there  was  not  continuous  deposition  even  in  the  center  of  the 
basin,  and  the  Upper  Pottsville  is  over  1,200  ft.  thick  in  West  Virginia. 

As  a  whole  the  formation  is  composed  of  beds  of  rather  rapidly  vary- 
ing thickness  and  character.  This  is  true  also  of  the  coal  seams.  In  one 

mine  they  wall  rise  and  fall  20  feet  and  more,  pinch  out  or  pass  into 
black  shale.  A  curious  feature  is  a  local  iiersistence  of  facies.  That  is, 
in  one  towTiship  there  will  be  a  great  deal  of  sandstone  at  many  levels, 
at  another  there  will  be  much  shale  at  all  levels,  in  one  region  many  of 
the  coals  will  be  prominent,  in  another  none.  Finding  a  good  upper  coal 
is  by  no  means  a  sign  that  the  coals  below  will  be  e^tra  thin. 

This  points  to  a  certain  ix-rsistence  of  geographic  condition.  If  a  big 
sand  dune  or  sand  bar  occurred  in  a  point  flanked  by  a  peat  swamp  on 

one  side  and  muddy  clay  depositing  waters  on  the  other,  while  it  ex- 
tended more  or  less  widely  and  shifted  a  little  from  time  to  time,  yet  it 

tended  to  remain  in  the  same  general  region,  and  even  built  up  as  the 
general  level  of  the  water  rose.  We  can  see  that  this  might  be  so  by 
watching  the  effect  of  rises  and  falls  in  the  level  of  the  Great  Lakes.  A 
rise  of  7  feet  may  not  seriously  shift  the  location  of  a  swamp  and  the 
barrier  beach   that   cuts  it  off  from   the  main   lake. 
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The  wi'itci'  made  a  list  <>!'  sttiiu'  scvi'ii  coal  hori/oiis,  t<»  wliicli  f'ooiJCi' 
has  added  seven  more,  makiiii-  Ihe  eomplete  list  as  follows:  Keese  coal? 

ruioiiville?  Salzbiii-ii  Kider,  "Sal/-l)ni-i»  Coal,  ITppei-  Uider,  Upper  Verne 
(;oal  with  Liujiiila  shale  roof.  Lower  Verne  Rider,  Lower  Verne 

Coal,  ̂ Middle  Kider,  Sa.uinaw  (N)al,  Lower  Kider,  Lower  Coal,  IJansoi' 
Coal,  lianjior  Kider. 

When  we  consider  dial  the  whoh'  U  occiii-  within  40(1  I'eet.  most  of 
them  too  thin  to  work,  and  that  one  seam  may  vary  20  ft.  or  so  in 

elevation  and  thickness  in  a  conple  of  hnndred  feet,  bnt  little  stress  can 

be  laid  on  anv  such  series.  The  Veine  bnndi  are,  however,  at  a  fossili- 

ferons  (Mercer)  horizon  often  (piite  close  tojiether,  showing  as  a  7  to  8 

foot  wall  Avith  partinjis,  (Com]tare  the  Stockton  coal)  and  it  is  curious 

that  White  yives  18  horizons  in   the  W.  Virt^inia  Upi»er  Tottsville. 

I  have  an'  idea  that  tliey  have  a  drowned  river  valley  effect,  on  the 
southeast  side  of  the  basin,  the  longest  axes  of  the  coal  running  north- 

westerly in  a  very  irregular  way,  but  the  general  shore  line  trending 

southwesterly  from  Huron  county,  something  like  the  Carolina  shore 
south  of  Hatteras  turned  around. 

Possihh/  Pcnno  Caihomfcrom? 

'Mi.     Woodville  sandstone.     110    (Conemaugh?) 
Winchell  separated  otf  above  the  coal  measures  a  sandstone  he  called 

the  AA^oodville  79  feet  thick.  Tt  was  named  from  the  exixisure  at  Wood- 
ville near  Jackson. 

Now  at  Maple  Kapids.  St.  Johns,  Ionia,  and  <Jladwin\  we  find  a 
brown  or  reddish  sandstone.  This  is  not  a  normal  color  for  a  coal  nieas- 
sure  sandstone.  It  may  be  that  this  reddening  is  an  effect  of  weather, 
but  I  think  not  and  we  may  as  well  call  it  Woodville  until  we  know  the 
Woodville  does  not  represent  it.  Ionia  would  be  a  much  better  name 
and  is  in  commercial  use.  The  Woodville  exposure  is  not  red  but  buff. 
Still  it  is  weathered,  friable  and  over  40  feet  thick.  From  the  way  these 
red  beds  occur  in  some  wells  but  not  in  others  near  by  in  the  Saginaw 
Valley,  we  may  be  pretty  sure  that  they  are  unconformable  to  the  series 
below.  I  susi)ect,  therefore,  that  it  is  not  Allegheny  but  at  earliest 

Conemaugh,  some  land  formed  deposit  of  the  late  Carboniferous  (Penn- 
sylvauian)  or  early  I'ermian.  No  fossils  are  known.  The  red  formations 
seem  to  be  more  abundant  in  the  western  part  of  the  state  and  that  part  is 

heavily  covered  with  drift.  And  then  the  redness  may  be  a  purely  sec- 
ondary oxidation. 

During  the  rest  of  the  Paleozoic,  the  Mesozoic  and  the  Tertiary,  Michi- 
gan was,  so  far  as  known,  out  of  water,  though  there  is  reason  to  be- 
lieve that  at  the  time  of  the  Cretaceous  the  sea  reached  nearly  or  quite 

to  it,  and  it  was  nearly  worn  down  to  base  level.  At  some  time  every- 
thing from  Niagara  to  Keweenawan  around  Lake  Superior,  was  levelled 

off,  and  even  the  harder  felsites  and  granites  did  not  rise  more  than 
four  or  five  hundred  feet  above  the  general  level.  As  we  find  fragments 

of  upper  Cretaceous  not  far  oft"  in  Minnesota  on  the  :Mesabi  Range  and 
westw^ard  (Dakota  and  Colorado)  we  are  inclined  to  put  the  culmina- 

tion of  this  period  of  levelling  at  that  time. 
On  the  other  hand,  deeply  incised  valleys  and  caves  in  the  limestone 

iVol.   VIII,   Fart  2,   pp.    158,   159.   1G4,   lOG.   195,  196.   197. 
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suggest  a  period  of  high  level  in  the  Tertiary  between  that  time  and 
the  ice  age.  Some  time  someone  may  find  in  the  prosecution  of  the 
limestone  quarrying,  around  Fiborn  or  Alpena  or  Monroe  in  the  caves 
upon  which  one  comes,  vestiges  of  Tertiary  cave  life. 

37.     Pleistocene  and  Eecent  Deposits.     1110-0. 
Michigan  is  so  near  the  center  of  the  latest  glaeiation  and  that  was 

geologically  so  recent,  the  effects  of  ice  blocking  the  St.  Lawrence  valley 
having  lingered  so  far  as  one  can  judge  until  within  a  few  thousand 
years,  that  it  does  not  seem  sensible  to  divide  the  glacial  and  Pleisto- 

cene from  the  present.  Mammoth  and  mastodon  bones  are  found  within 
a  few  inches  of  the  surface  and  where  forest  clad  the  topographic  forms 
left  by  the  ice  are  almost  as  sharp  as  when  left,  with  much  less  alteration 
than  50  years  of  farming  will  make.  However,  beds  of  peat  30  or  40 

feet^  thick,  of  boglime-,  lacustrine  and  alluvial  clays^  11  feet  thick  and 
perhaps  more,  have  accumulated  and  formations  like  the  delta  of  the 
St.  Clair  flats^  and  Tawas  Point'.  So  far  as  we  can  estimate"  none  of 
these  post  glacial  deposits  need  have  taken  over  a  fraction  of  10,000 
Tears. 

The  greatest  thickness  of  these  Pleistocene  deposits  we  may  estimate 
to  be  1,110  feet  near  the  N.  line  of  Osceola  county,  S.  E.  of  Cadillac. 

But  the  gi'eatest  thickness  actually  measured  is  in  the  deep  wells  near 
by  on  the  Lake  Michigan  shore  at  Manistee  and  Ludington,  where  the 
rock  surface  is  below  sea  level.  The  Canfield  &  Wheeler  well  is  the  deep- 

est, with  the  drift  section  as  follows : 

(Perhaps  due  to  present  lake)  Lacustrine. 
Sand  with  gravel  streaks      95  95 
Reddish   gray   clay       2  97 

Due  to  earlv  lakes? 

Sand    .    .'    105  202 Probably  till,  Late  Wisconsin 

Gray 'clay      91  290 Interglacial,  compare  Lake  Sui)erior  davs 

Dark  reddish  clav    .'    2  298 Quicksand       3  301 
All  shades  of  clav,  some  sand     51  355 

Gravel      .'    3  358 From  the  Keewatin  center? 

Till  (clay,  sand  and  gravel)       30  394 
Reddish  clay.  gTavel  and  some  sand    181  575 

Ground  moraine  of  local  material 
Dark  clay  and  gravel      5  580 
Dark  shalv  stuff      15  595 
Light  shaly  stuff      7  (>02 
Shale  and  gravel      113  715 

There  are  indications  of  the  various  ice  sheets  elsewhere  found'  but 
•Davis  on  Peat.  Report  for  190G,  p.  156,  etc. 
2Vol.  VIII,  Part  2,  p.   179  and  elsewhere  :   Report  for  1903.  pp.  86-88. 
^Vol.  VIII.  Part  1,  p.  48:  Report  for  1903.  pp.  93-94. 
*Vol.  IX,  Part  1  :  Report  for  1907.  p.  133. 
^Report   for  1903,  p.   303. 
•^Report  for  1907,  p.   13.5. 
'See  Leverett  on  the  Ann  Arbor  Folio ;  Cooper,  report  for'  1905,  pp.  3-10-34 J  :  Report for  1904,   p.    167  :    Report   for  1907. 
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they  can  hardly  be  sepaiated  sysleniatically,  in  a  p,('ol<>oical  coliiinn. 
]5oth  ill  the  character  of  the  ])('l)l)les,  liowever,  and  in  other  ways,  a 
tran8})ortation  Ironi  the  northwest  as  well  as  the  northeast  is  jilainly 
indicated,  and  at  least  one  period  between  the  two  daring  which  red 
lake  clays  were  in  some  places  laid  (h)A\n'. 

APPI]NDIX. 

RECENT   IMPORTANT  WELL  RECORDS. 

Kecord  of  drilling  on  N.  W.  14  of  N.  E.  i^,  Sec.  36,  T.  25  N.,  R.  2 
W.,  on  which  the  Campbell  ̂ ^tone  Co.  is  now  ojierating  at  Afton^  Cheboy- 

gan Co.,  Michigan. 

Clav,  sand  and  broken  rock    4  4 
Light  colored  rock    38  42 
Brown  rock,  soft   •    6  48 
Light  rock,  hard    G  54 
Dark  rock,  soft    1  55 
Dark  rock,  hard    1  56 
BUie  shale,  soft    5  61 
Black  rock,  hard    1  62 
Light  rock,  soft .   ;_    2  64 
Black  rock,  hard   T    1  65 
Light  rock,  soft    1  66 
ilixed  dark  and  light  rock,  hard    13  79 
Light  rock,  hard    4  83 
Gray  rock,  hard    5  88 
Mixed  dark  and  light  rock,  hard    7  95 
Black  rock,  hard .  T    5  100 

Average  analysis  from  4  feet  to  42  feet. 
Calcium  carb      96.52% 
Magnesium  carb          .90 
Oxide  of  silica       2 .  10 
Iron  and  alumina   34 
Organic   08 

99.94 

Analysis  made  upon  every  2  feet  up  to  42  feet  in  depth  varied  from 

})5%  to  97.40%  Cal.  Carb. ;  the  above  is  the  average.  From  42'  to  100' 
it  contained  from  6%  to  9%  magnesium  carb.  and  from  3%  to  5% 
oxide  of  silica,  reducing  the  cal.  carb.  in  proportion.  The  other  holes 
put  down  on  this  proj>erty  are  practically  the  same  and  showed  no  diflf- 
erence  in  analysis.  The  5  feet  of  blue  sliale  was  remarkably  good,  giv- 

ing 68%   oxide  of  silica  and  18%    aluminum  and  iron. 

iReport  for  1906,  Russell  on  Surface  Cieolog.v,  pp.  42,  73  ;  Romlnger.  Volume  I,  Part  3, 
p.    17. 
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From  C.  A.  Campbell,  President, 
Campbell  Stone  Co.,  April  27,  1007. 

Afton,  Michigan. 

Record  of  drilling  on  S.  W.  %  of  S.  E.  14  Sec.  19,  T.  53  N.,  R.  1  W., 
Cheboygan  Co.,  Mich. 
Surface    2  ft.  2  ft. 
Light  colored  rock    5  7 
Light  colored  rock    8  6  in.         L5  ft.     6  in. 
White  coral  rock    1  6         .      17 
Light  rock    4  21 
White  coral  rock    2  6  23  6 

Light  rock   •-    2  25  6 
White  coral  rock    6  26 
Light  rock    4  6  30  6 
Dark  rock    2  32  6 
Light  rock    6  6  39 

Dark  rock   '.    1  40 Blue  shale    8  6  48  6 
Gray  shale    2  50  6 

Average  analysis  from  2  ft.  to  30  ft.  6  in. 

Calcium  carb      94 .20% 
Mag.  carb        1 .  80 
Iron  and  Alum   38 
Oxide  of  silica       3 .40 

99.78 

The  above  is  a  fair  sample  of  drillings  on  S.  W.  I/4  of  N.  E.  y^,  Sec. 
25,  R.  35  N.,  R.  2  W.,  also  on  N.  W.  14  of  S.  W.  %,  Sec.  13,  T.  .34  N., 
R.  2  W.,  and  N.  W.  14  of  S.  W.  14  of  same  section. 

CARMEN    WELL,    PETROLIA. 

Surface  clay        90 
Hamilton. 

Streaks  lime  and  shale  (my  Traverse)  at  St.  Clair  775     240  330 
Comiferous  lime  (streaks  brown)      190  520 

At  St.  Clair  about  900. 

Onondaga  (my  Monroe)      690  1210 
At  St.  Clair  about  1630. 

Gray  and  Black  Dolomite  (Salina) 
Salt        65  1275 
Dol        20  1295 
Salt  and  light  streaks  dol      170  1465 
Salt        90  1555 
Salt  and  dol.  lime        50  1605 
Salt        25  1630 
Gray  dolomite        10  1640 
Salt       67  1707 
Dol.  and  salt       40  1747 
Salt      138  1885 
Dol.  and  lime  shale      130  2015 
Salt       90  2105 

895  2105 
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Guelph  aiul  Niagara  lime    275  2380 
Niagara  shale  (reel  and  ilark)    GO  2440 
Clinton    90  2530 
Retl  Medina    275  2805 
Hudson  River  shales  (light)    205  3010 
Utica  (dark)    165  3175 
Trenton  (Trenton.  Birdseye  and  Chazy)    002  3777 
1015  ft.  (U  in.  ca.sing,  no  salt  water  or  pressure  of  any  kind  found  in  Trenton. 

Finished  Dec.,  1900. 

Alpeiui  Laud  CQiiipany  well  >so.  1,  at  CJuaxd  Lakk^  near  Ai-rK.xA. 
Devonian 

Bell  shale        50  50 
Cf.  Carmen  330  V.  H.  5.601 

Dundee  crinoidal  and  fossiliferous  limestone,  bituminous  and  pyritic  215  265 
Silurian 

Cf.  Carmen  well  520  P.  H.  5.710 
Goderich  group  2. 

Monroe 
Mixed  samples  of  dolomite  and  limestone        30  295 

Lucas 
Stylolitic  limestone        15  310 

Amherstburg 
Blue  and  buff  dolomite       70  380 

Anderdon  limestone. 
Brown  limestone        55  435 
Dolomite  and  lime        15  450 
Limestone        85  535 

Compare  Goderich  group  III. 
Black  shale  mixing  with  sample  below,  and  limestone.     Cf.  Milan  830     80  615 
Limestone,  often  crinoidal        85  700 

Sylvania  horizon.     Cf.  Milan  845-890 
Cherty,  crinoidal  limestone      100  800 
Largely  chert        30  830 
Cherty  limestone      170         1000 

Water  Analysis  I. 
Gashed  dolomite  and  limestone    20  1020 
Limestone,  sometimes  deep  brown  (dolomite  too)    85  1105 
Bluish  dolomite,  often  gashed,  with  a  few  grains  of  sand    25  1130 
Limestone,  with  a  little  sand,  brown  at  top,  then  yellow    130  1260 

Water  Analysis  IT 

Water  at  1257  feet. 
Dolomite,  Cf.  Carmen  1210    24  1284 

Top  of  salt  formation  or  Salina,  just  about  450  feet  below  the  cherty  crinoidal 
limestone  horizon  that  can  not  be  far  from  the  Sylvania  horizon.  Com- 

pare Goderich  groups  IV  and  V. 
1— Salt          ('  1290 

Brown  dolomite    50  1340 
2— Salt  and  dolomite         7  1347 

Hard  laver         5  1352 
o  /  Dark  salt          5  1357 

"^  \  Salt,  very  clear  from  1360-1395    80  1437 
Anhydrite    28  1465 
Reddish  sand,  marl  or  anhydrite          5  1470 
Salt    40'  1510 
(Top  eight  feet  reddish) 

4  \  Salt  and  anhydrite?          4  l-^l-* 
I  Brown  salt    1-i  1528 
[  Salt  and  shale         5  1533 
Dolomite,  anhydrite  and  shale    19  1552 

14 
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Salt'and  anhydrite   '  20  1572 Salt,  clear    ■  17  1589 
Impure  salt  with  shale  and  anhydrite    5  1594 
Salt,  mainly  clean,  white    57  1651 
Salt  with  clay  and  anhydrite  streaks  at  1655-1678    50  1701 

Cf.  Carmen  well  2105. 
Anhydrite  and  dolomite    11  1712 

Record  of  Taber  Well  at  Gr.vxd  Ledge^  furnished  by  W.   D.   South- 
worth.     January  1908. 

First      75  feet  sandstone, 
coal. 
struck  sand  rock, 
fresh  water  vein,  in  sand  rock, 
struck  large  vein  fresh  water,  still  in  sand  rock, 
struck  chalk  rock, 
struck  shale  rock, 
struck  mineral  water, 
struck  brown  rock.     Bottom  of  well. 

Nex ;t  2.5 
A.t 77.5 

110 
287 
300 
303 
385 « 
512 

Record  of  well  at  foot  of  Harrison  street,  y^^  mile  down  the  river 
from  the  above  Taber  Well. 

Sand  rock    6  feet. 

Fire  clay    9-15  " 
Shale  slate    5-20  " 
Coal    1-21  " 
Slate    9-30  " 
Slate  and  soapstone    18-48  " 
Sand  rock    59-107  " 

A  record  of  a  Ludingtox  well  put  down  by  J.  S.  Stearns,  with  samples, 
is  as  follows : 

Pleistocene.     Sand      198  198     10  inch  casing  to  204  feet. 

Pink  clay .  .     68  266     Water  at  about  300  feet,  T.  53° 
Gravel       94  360     Both  pink  clays  are  calcareous. 
Pink  clay...   155  515 
Gravel        61  576     8  inch  casing  to  rock. 
Limestone.  .      74  650     With  15  feet  of  porous  granular  limestone  and 

salt  water  35  feet  below  the  casing. 
Coldwater.       Blue  .shale      550         1200 
Antrim  Black  shale.   200         1400 

Traverse  Group      025         2025     Brown  limestone  25;     blue    shale    35;     brown 
limestone,  oily,  with  H^S  40;  pure  lime- 

stone 250,  possibly  Dundee?;  brown  .sandy 
dolomite   160;   calcareous   shale  90. 

Monroe   Group?      279         2304     Dolomite   25;    limestone   25,    cf.    Anderdon    or 
Dundee;  dolomite  25;  Sylvania  sandstone? 
100;  sandv  dolomite  and  anhydrite  121; 
salt  8. 

These  sandy  beds  in  the  Monroe  may  be  compared  Avith  those  at  750 
feet  at  South  Bend;  1,100  feet  at  Dowagiac ;  1,050  at  Kalamazoo. 

U.  S.  Geological  Survey  Well  No.  25.  Six  miles  S.  E.  of  ]\lAXcnESTER. 
Manchester  Oil  Co.  C.  A.  Elliot,  driller.  Corresponds  to  the  record  by 
W.  F.  Cooper  alreadv,  which  he  considers  all  in  the  Coldwater  forma- 

tion.    8-29-1904. 
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C'oUlwivtcr. 

Depth. 

174-200 Blue sluile. 
220 Blue .shale. 
240 Blue shale. 
200 liluc shale. 
2S0 JMuo shale. 
:^oo Jiluc shale. 

327 lilue shale. 

9 341 
10 352 

11 400 
12 490 
13 540 
14 570 
15 600 

Berea. 

329     Horizon  of  Berea? 
This  red  shale  clay  might  represent  a  weathered  surface,  or  some  other 

zone  of  special  oxidation.  The  banding  upon  it  is  quite  distinct. 

Compare  Bedford  shales.  Compare  Hillsdale  at  1030-1033,  Osseo, 
800,  Adrian,  514. 

,  Antrim. 
Usual  shale. 
Black  shale.  This  looks  very  much  like  the  Ohio  l)lack  shale,  and 

would  seem  to  indicate  that  the  horizon  of  the  Berea  here  is  at 
327-329 

Bluish  shale. 
Blue  shale. 
Brown  shale,  like  No.  10. 
Same. 

Same.  Compare  Hillsdale  1350,  Osseo  1145-1214,  Adrian  S05,  Mad- 
ison Oil  and  Development  Co.  665. 

Traverse. 

16  660     (iray  shale;  non-effervescent. 
17  690     (iray  shale;  slightly  effervescent. 

The  samples  froiii  GOO  feet  down  might  quite  likely  be  Traverse,  or 
they  might  be  a  gray  streak  in  the  Antrim.  From  327  feet  down  to 
000  feet,  or  thereabouts,  should  be  Antrim. 

The  elevation  may  be  about  S30  A.  T.  Assuming  it  to  be  11  miles 
from  Britton,  El.  705  where  the  base  of  the  Antrim  is  210  feet  down 
(or  495  A.  T.)  and  that  in  this  well  at  GOO  feet  is  the  base  of  the  Antrim 
(at  230  A.  T.)  we  get  a  dip  of  24  feet  per  mile  to  X.  W.  which  is  not 
far  from  what  one  might  expect.  Com])are  also  the  Madison  Lt.  &  Gas 
Co.  well  near  Adrian  (777  A.  T.)  in  which  430-700  will  correspond 
to  327-GOO  here?  The  dip  indicated  would  be  to  S.  E.  This  is  abnormal 
and  would  indicate  that  an  anticlinal  indicated  in  Fig.  1  of  the  Ann 
Arbor  Folio  continues  farther  N. 

The  Berea  horizon  being  about  500  A.  T.  might  approach  the  l)eclrock 
surface  near  Macon. 

This  is  near,  and  possibly  the  same  as  the  well  of  V.  Arnold  of  which 
it  is  reported  that  it  struck  brine  at  about  1,000  feet,  about  two  miles 
from  Clinton  ^ec.  2.  T.  4  S.,  R.  3  E. 
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LOG  OF  CHEBOYGAN,  MICH. WELL  FROM  EXAMINATION  OF  SAMPLES  OF 
DRILLINGS. 

BY    W.    C.    ALDEX. 

Depths 
0-150 

150-203 
203-205  • 
205-230 
230-245 
245-250 
250-255 
255-270 
270-290 
290-300 
300-334 
334-352 
352-354 
354-356 
356-360 
360-375 
375-380 

265 
265-278 

300 
320 

380-438 
?1400 

1360?- 1550 

1550 
1615 
1625 
1635 
1652 
1725 
1975 

2000 
2050 
2100 
2150 
2175 
2200 

2225 
2250 

2300-2425 

2300-2425 

2700 
2725 

PLEISTOCENE. 

Reel  clay,  highly  calcareous. 
Sand  and  gravel. 
Santl. 

Sand,  gravel  and  red  clay. 
Gravel. 
Sand  with  some  calcareous  material. 
Sand  and  gravel. 
Gravel 
Fine  sand  with  calcareous  material. 
Fine  sand  with  calcareous  material. 
Gravel. 
Gravel,  coar.se. 
Fine  sand  with  calcareous  material. 

Ditto,  coarser. 
Ditto. 
Ditto,  fine. 
Fine  calcareous  sandy  clay. 

2nd  box  of  samples.     Cheboygan  well. 
Light  to  whitish  dolomitic  limestone. 
Chips  of  dark  grayish  dolomite  with  some  quartz  sand  grains. 
Light  colored  limestone. 
Grayish,  dark,  porous,  earthy  dolomitic  limestone. 

Monroe  beds  (L'pper  Silurian,  waterlime  and  Salina). 
Fine  chips  of  brownish-buff-gray  dolomite  with  a  little  chert. 
Salt  (March  12,  1901). 
Fine  grayish  sand  and  dolomitic  material  with  some  white  chert  and 

bluish  and  reddish  shaly  material. 
Beginning  of  Ni.\g.\ra  (Guelph). 
Fine  quartz  sand,  slightly  calcareous. 
Ditto,  brownish. 
Ditto,  brownish. 
Light  grayish  crystalline  dolomite  (Cheboygan  test  well). 
Ditto. 

Buff  fine  angular  grains  of  quartz,  chert  with  some  dolomitic  ma- 
terial. 

Dark  gray,  very  cherty  dolomitic  material. 
Fine,  angular,  gray  dolomitic  material. 
Ditto.     LocKPORT  about  here — 2065. 
Ditto.     Rochester  shale  2136-2200. Ditto. 

Ditto.     Dark  colored,  nearly  black. 
Clinton. 

Ditto.     Lighter  colored. 
Ditto.     Lighter  colored.     Contains  small  particles    of    iron    or    mag- netite. 

Medin.\. 

Dark   purplish   ferruginous   material,    reddish   streak,    in    small   flat- 
tened, rounded  lenticular  pellets.     With  this  is  some   bluish   shaly 

material,    moderately   calcareous.     Some    particles    rounded.     Also 
few  quartz  grains.     Bluish  shaly  material  increases  in  lower  samples. 

LoRR.\iNE.     Lower  part. 
Dark  drab    shale,    or    dolomite,    somewhat    calcareous.     Small    par- 

ticles of  iron  or  magnetite. 
Ditto. 
Ditto. I'tic.a.. 

J 
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MORTON  SALT  COMPANY  WELL,  T:C0RSE. 

Record  begins  with  the  l)etl  rock  and  the  (lei)ths  of  .samples  are  numbered 
therefrom.     To  find  the  depth  from  surface  adtl  62  feet  to  the  sample  number. 
Pleistocene. 

Muck,  thin  clay.     Surface  tleposits        (52  62 
SILURL\N. 

Monroe  above  Sylvanio.^ 
Light  huff  dolomites  at   10  feet,  perhaps  oolitic        7")  137 At  20  to  80  feet   rather  brisk  elYervescence,   iieiierally  moilerate  to 

.slow,  .some  roiimled  sand  grains. 
Samples  35,  40.  4o.  50,  55.  (iO,  65,  70,  75  feet,  light  huff  with  mod- 

erate effervescence  with  acid.     Occasional  saiul  grains  in  35,  40, 
45.     Sulphur  in  60  and  65. 

Dolomites   •  ■     60  137 
Dark  brown,  bituminous,  with  sulphur  and  .sometimes  jjyrites,  with 

moderate  effervescence. 
S.  SO,  85,  90,  95,  100,   105  and  110  not  quite  so  dark;   115  brown; 

120,  lighter.     Compare  Church  No.  5  down  to  290. 
Sylvania       65  262 

Quartz  .sand,  clear,  very  fine,  most  of  the  grains  from  .5  to  .2  nun., 
rounded  down  to  somewhere  between  .1  and  .25  mm. 
S.  135,  140,  145,  150,  155,  160  very  fine,  165,  170,  from  175  on  fine, 

180,  185.  190.  195.     Compare  Ford  23,  235-325;  Mt.  Clemens,  965. 
Dolomite        20  282 
Light,    effervescence   moderate,    in   specks    (due   to    crystals    perhaps) 

S.  200,  205,  210,  215.     Compare  Ford  23,  325-340. 
Silicious  dolomite        35  317 

Dark  browm,  with  red,  rusty  quartz  sand  and  pyrites  in  spots,  and 
very  cherty  at  the  base. 

S.  220  and  225  (with  red,  rusty  quartz  sand).     From  225  to  245  are 
dark  brown,  with  brisk  to  moderate  effervescence.     S.  240  and  245    ■ 
have  rusted  pyrite  and  grains  of  quartz  sand.     S.  250  has  a  lot  of 

-  chert  and  quartz.     Compare  Foril  No.  23,  375-435. 
White  sand  like  that  above       35  352 

S.  255,  260.  265,  270,  275,  280,  285. 
Sandy  dolomite        10  362 

Grains  rounded  down  to  .16  mm. 
S.  290,  295,  dark,  with  .16  mm.  rounded  quartz  grains  which  may 

have  dropped  in  from  above. 
Monroe  below  Sylvania?    362 
Cherty  dolomite        50  412 

S.  300,  much  chert  like  Edison,  Fort  Wayne,  well  at  625  feet;  305, 
310,  315  (drab  color).  At  320,  325,  330,  335,  largely  chert;  at  340 
to  345  almost  solid  cliert,  not  effervescent.  Compare  Ford  No.  23  at 
440.  and  Church  No.  5  at  420-520       • 

Dolomite       20  432 
Dove  colored,  with  relatively  little  chert. 
S.  350,  355,  360,  365.     Compare  Ford  No.  23,  445.  450,  455,  460,  465. 

Dolomite       30  462 
Bluish,  buff,  massive. 
Coarse  chips  at  375-385;  S.  370,  375.  380,  385,  390,  395.  Compare 

Edison  462-477. 
Bro"«Ti  dolomite        15  477 

S.  400,  405,  410. 
Light  dolomite        15  492 

S.  415,  420,  under  microscope  rounded  brown  grains. 
Dark  dolomite       40  527 

S.  425,  430,  oolitic;  435,  440  with  pyrite;  445,  450,  455,  dark,  bitumi- 
nous, possibly  oolitic;  460  quite  dark  and  rusty;  465  lighter,  sharp 

pieces,  oSlitic  signs?;  470,  475.  480.  Note  that  Ford  No.  23  is  oolitic 
at  465-470. 
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Light  dolomite        -5  552 
Stylolitic  with  black  specks.     Compare  Ford  No.  23,  505-510,  545,  550. 

S.  485,  490  are  sugary  but  not  oolitic,  but  the  latter  have  grains  of 

gypsum. 
Beginning  of  Salina': Impure  gypsum        45  597 

Bluish,  with  some  dolomite,  and  nearly  pure  at  525  feet. 
S.  495  stuck  together;  u.  ra.  largely  gypsum;  500  to  505  some  gyp- 

sum; 510  bluish  gj'psum,  with  part  limestone,  briskly  efferves- 
cing; 515  and  520,  IdIuc  with  white  gypsum;  525  largely  solid  white 

gypsum;  530  brown  and  white  gypsum  and  dolomite.  Compare 

Ford  No.  23,  590-640,  Edison  *Fort  Wayne,  900-950,  especially 925  with  525,  this  well  running  about  400  feet  less  (-62  ft.  drift) 
than  the  Fort  Wayne;  about  100  feet  less  than  the  Ford  No.  2  . 
Compare  Church  No.  5  at  720. 
S.  535.  540  oolitic  with  dark,  oval  bodies,  445,  450. 

Anhydrite  is  quite  abundant  at  .'"65  +  62  ft. 
S.  555,  darker,  bluer,  slow  effervescence  with  gypsum;  at  560  gyp- 

sum streaks;  565  mainly  anhydrite.  Compare  Edison  Fort  Wayne 
1000  ft.  Ford  No.  23,  615-640.  S.  570,  575  niLxed;  580  cleaner 
buff  dolomite;  585  u.  m.  mainly  dolomite,  bluish;  590,  595  mixed 
and  bluish  gray. 

Dolomite        20  617 
(Oolitic  at  602  ft.) 

Bluish  dolomite  and  anhydrite      175  792 
600,  605,  610,  615,  620, 625, 630, 635, 640, 645,  650,  655, 660,  all  bluish, 

coarse  chips,  with  occasional  faint  specks  of  anhydrite;  665,  670 
similar,  thinner  brown  calcilutites;  670,  675.  680  similar;  685  u.  m. 
almost  wholly  dolomite;  690,  695  and  700  the  same;  705,  710,  715, 
lighter,  with  crusts  of  anhydrite  and  gypsum;  720  dolomite  with 
no  anhydrite;  725  stuck  together,  salty. 

At  730  ft.  is  the  first  salt.  Compare  795  at  Ford  No.  23.  The  Edi- 
son Fort  Wayne  well  seems  to  have  salt  at  higher  levels,  the  first 

salt  there  at  1010  feet  belonging  to  the  upper  part  of  this  group, 
apparently. 

Compare  Church  No.  5  at    890ft. 
Eureka  Wyandotte      730-800 
Ford  No.  23    795 
Ford  No.  22      ,        819 
Ford  No.  21    820 
Ford  No.  7    792 
Ford  No.  1    830 
Ford  No.  4    783 

Solvay  No.  11  and  12   >  .  865      ■ 
Solvav  No.  13    880 
Solvay  No.  14    875 
Solvay  No.  15    865 
Solvay  No.  16    890 
Romulus  (Laurence  &  Griffeth)    925 
Tecumseh  Salt  Co    828 
River  Rouge  Improvement  Co    815 
Brownlee    875 
River  Rouge  Salt  Co    871 
Saliotte  &  Ferguson    855 
Penn  Salt  Co    830 
Detroit  Salt  Co    906 
Stroh    1150 
Royal  Oak       1543 
New  Baltimore    If  00 
Saint  Clair    1600 
Marine  Citv    1604 
Port  Huron    1500 
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Salt        50  84-J 
S.  730  bluish,  like  rock  above;  730-775  brown  salt.  This  is  the  bed 

most  likely  to  contain  potash.  S.  730,  735,  740,  745,  750,  755, 

7t)0,  7t)5,  "770,  775. Doloniite       .^0  922 
Hard. 

S.  780,  785,  790,  795,  800,  slow  et^'ervesccnce,  u.  ni.  very  little  anhy- 
drite, more  just  above  the  salt;  S.  805,  810,  815,  820,  blue  and 

buff.  Compare  Ford  No.  23,  922-927.  S.  825,  830,  835,  840, 
845,  850,  855,  clear,  buff,  bluer  at  tlie  bottom,  very  little  anhy- 

drite.    Compare   Wyandotte   870-900.     Ford    No.    23,    937-1000. 
Dolomite  with  anhydrite        10  932 

S.  8(i0  u.  m.  much  anhydrite;  865  anhydrite  and  dolomite. 
Anhydrite  with  salt        10  942 

S.  870,  875.  While  this  is  the  second  salt  in  this  well,  and  would 
thus  corresi)ond  to  940  ft.  at  Wyandotte  Eureka,  and  852  at  Ford 
No.  23  (probably  really  to  1027)  it  is  probable  that  these  salt  beds 
are  not  persistent.  Edison  Fort  Wayne  1280-1292  may  also  cor- 

respond.    Ford  No.  1  is  the  same. 
Dolomite          5  947 

This  is  merely  a  parting,  but  seems  fairly  persistent.  Compare 
Ford  No.  1,  968-976;  Wyandotte  960. 

Salt   '        15  962 
S.  885  light  gray,  890  white,  895  impure  gray  salt.  Compare  Ford 

No.  23,   1022-1046. 
Dolomite,  anhydrite  and  clay      100  1062 

900  bluish  and  dark  buff;  905  stuck  together,  salty,  gray,  and  the  rest  of 
the  samples  to  995  are  more  or  less  stuck  together;  the  effervescence 
moderate  to  slow;  a  little  anhydrite  generally  visible  under  the  mic- 

roscope; the  color,  910  gray  and  pink;  915  bluish  and  gray;  920  and 
925  reddish  and  blue,  salty;  930  not  quite  so  red;  935  the  same; 
940  bluish,  thin  bedded,  shaly;  945  the  same;  950  quite  muddy; 
955,  960,  965  bluish;  970  blue,  shaly;  and  975.  980,  985,  990,  995,  all 
similar,  but  the  shaly  stuff  may  have  washed  in  from  above.  How- 

ever, the  coarser  fragments  are  a  bedded  lime  mud  rock  (dolo- 
milutite).  These  correspon^l  to  the  "slate"  shalv  beds  in  Ford 
No.  23,  from  1046-1124.  Compare  also  Wyandotte  970-1045; 
Church  No.  6.  960-1160. 

Almost  solid  anhydrite          5  1067 
S.  1000  solid  anhydrite,  lighter  in  color  and  less  shaly  looking. 

Compare : 
Edison  Ft.  Wapie   1400  ft. 
Wyandotte   1045 
Ford  No.  23. 

Dolomite  and  anhydrite        50  1117 
S.  1005  u.  m.  dolomite  and  anliydrite,  buff;  S.  1010  bluish,  salty; 

1015  hke  995;  1020  buff;  1030'rather  buff;  1035  a  shade  bluer;  1040 
and  1045  some  anhydrite  is  scattered  in  large  grains  in  dolomite. 
The  base  of  this  is  the  top  of  the  main  and  it  seems  to  me  the  most 
persistent  salt  bed. 

We  shoukl  then  compare: 
?  Church  No.  6,  Trenton    1280 

Wyandotte  Eureka      1080-1235  (less  45?) 
Morton      1119-1323 
Romulus      1475-1600  with  partings. 
Milan      1540-1545 
Zug  Island      1290-1528 
Solvay  No.  11      1370-1602  with  parting. 
Edison  Ft.  Wayne      1445-1636 
Stroh      1565-1815 
Royal  Oak      2115-2475 
Port  Huron      1991-2190 

Salt,  dolomite  and  anhydrite  mixed        '5  1 122 
Salt.     Samples  to  1075'  +62      201  1323 
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Record  of  water  well  at  sehoolhouse  in  scliool  distiict  Xo.  3,  Clayton 
Township.  Arenac  county.     Goff  Paul,  Driller. 

Clay    8  ft.  8  ft. 

Sandy  clay  antl  stones    2    "  G  in.                 10    "  6  in. 
Very'  hard'  clav.  color  light  blue    40    "  50    "  6  " 
Quick  sand  and  stones      130    "  180    "  6  " 
Soft  white  clay    30    "  210    "  6  " 
Sand  and  gravel    40    "  250    "  6  « 
Hard  pan    10    "  260    '•  6  " 
Loose  water  sand    5    ''  265    "  6  " 
Light  colored  blue  clav    20    "  285    "  6  " 
Hard  pan   '    3    "  288    "  6  " 
Hard  rock  (bed  rock)    2    "  290    "  6  " 
Blue  slate    20    "  310    "  6  " 
Hard  rock  (looks  like  limestone)    8    '■  2  in.               318    "  8  " 
\'ery  dark  blue  slate    15    "  9    "                334    "  5  " 
Sand  stone    5    '"  339    "  5  " 

Kecord  of  test  hole  on  Sam    Rosenthal's    farm  in    Mason    township, 
Arenac  county,  one  mile  west  of  Turner  village.  Turner  township. 

Black  muck    2  ft.  2  ft. 

Stones  and  sand    1    "  3    " 
Yellow  clay    11    "  14    " 
Stones  and  hard  pan    1    "  2  in.                 15    "  2  in 
Blue  clay    4    "  19    "  2  " 
Limestone,  hard  rock    2    "  21    ''  2  " 
Shale    8    "  29    ''  2  " 
Blue  colored  hard  rock    1    "  30    "  2  " 
Shale    7    "  37    "  2  " 
Grav  Hmestone    3    "  40    "  2  " 
Shale   '    3    "  43    "  2  " 
Gray  limestone    2    "  45    "  2  " 
Shale    2    "  47    "  2  " 

Light  colored  hard  rock    3    "  50    "  2  " 
Alabaster,  very  white    21    "  4  in.                 71    "-  6  " 
Blue  slate    2    "  73    "  6  " 

August  29,  1905.  Goff  Paul,  Driller. 

rORT   ROWAN    WELL^    CANADA. 
Quateryiary. 

Surface  clav  to    338 
Dundee  (Corniferous)      212  550 

Gray;  fierce  effervescence    338-363 
Grayish  blue;  fierce  efferA-escence    363-413 
Graj-ish  blue,  brisk  effervescence    413-440 
Dark  brown;  brisk  effervescence    440-450 
Gray  brown;  brisk  effervescence    450-455 
Gray  blue  or  brown;  brisk  effervescence    455-470 

Bluish  gray;  brisk  eft'ervescence    470-510 
White,  fine  grained;  brisk  effervescence    510-515 
Bluish  gray;  brisk  effervescence    515-564 

Middle  Monroe        43  593 
(From  550  to  554  slow  effervescence) 
Lucas?  then  Amherstburg,  Anderdon  and  Sylvai^ia? 

"Corniferous  or  Oriskany" 
White,  granular;  brisk  effervescence    564-569 
"Corniferous" 
Blue  limestone;  brisk  effervescence    575-580 
"Corniferous  or  Oriskanj'" 
White,  granular;  brisk  effervescence    575-585 
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Lower  Monroe  and  Salina?      267  860 
Gray  dolomite;  slow  effervescence    ?  593 
Dark  blue  with  gypsum  and  shale;  weak  effervescence         593-740 

Grayish  dolomite;  weak  effervescence  . '.         755-770 
Dark  blue  dolomite;  weak  effervescence         790-805 
Gray  dolomite;  weak  effervescence         805-825 
Gray  dolomite;  weak  effervescence         845-860 

Salind-!      360  1020 
Grayish  blue  anhydrite;  weak  effervescence         860-875 
Blue  anhydrite;  weak  effervescence         875-920 
Blue  anhydrite;  moderate  effervescence         920-945 
Gray  blue;  moderate  effervescence         945-960 
Gray,  fine  grain;  moderate  effervescence         960-975 
Blue;  moderate  effervescence         975-995 
Gray  blue;  moderate  effervescence       995-1020 

N iagam—GucIph  and  Lockport      200  1220 
White  sugary  Guelph;  weak  effervescence      1020-1060 
Dark;  weak  effervescence      1060-1090 

Rochester  shale        25  1245 

Dark  blue;  weak  effervescence      1220-1245 
Clinton  Dolomite   ■_     75  1 320 

White  sugary;  weak  effervescence      1300-1305 
Yellow;  weak  eft'ervescence      1305-1310 
Drab,  argillaceous      1310-1315 
Light  grav      1315-1320 

Medi7ia  Sandsto7ie      140         1460  + 
Red    1320 
Blue  shale      1335-1370 
Blue      1375-1380 
Blue  (slightly  calcareous)      1380-1385 
Green  (light)      1412-1414 
Red   . .  .  .      1414-1460 

ROMULUS. 

Six  miles  N.  E.  of  Ecoi-se,  drilled  April  6- June  25,  1003,  on 
place  of  Emil  Twark  bv  Newell  for  Laureuce  and  Griffeth,  on  the  S.  E. 
1/4  of  the  N.  W.  14  of  Sec.  12.     620  A.  T. 

Drift    92 
Gravel    95 
Lime    116 

Gray  H    25          141 

MarceUus. 

Coali    2  143 
Black  slate    7  150 
White  lime    7  157 
Black  slate    15  172 
Black  shale    10  182 

Dundee. 

Lime    63  245 
Black  shale    5  250 
Lime    36  286 
Black  Ume    12  298 

Upper  ̂ lonroe. 
Gray  lime        24  322 
White  lime        63  385 

'This  is  the  driller's  record — no  samples  were  .^aved  from  this  hole. 15 
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Sylvania? 
White  sand   ".    5  SCO Black  slate    8  398 
White  sand    65  463 
Sand  rock    22  485 
White  lime    15  500 
Sand  rock    45  545 

Lower  Monroe? 

White  lime    240  785 
Blue  lime    10  795 
White  lime    75  870 
Brown  shale    12  882 
White  lime    43  925 

Salina. 

1  Salt  rock    35  960 
White  lime    25  985 
Brown  shale    -  15  1000 

2  Salt  rock    46  1046 
Slate    7  1053 

3  Salt  rock    34  1087 
White  lime    30  1117 

4  Salt  rock    25  1142 
White  lime    32  1174 

5  Fine  white  salt    24  1198 
Lime    7  1205 

6  Salt  rock   -.    53  1258 
Lime    5  1263 
White  lime    7  1270 

7  Salt    20  1290 
Lime    25  1315 
Shells  and  slate    62  1372 
Lime    26  1398 
Salt  rock    27  1423 
Shells  and  slate    30  1453 
White  lime   .'    23  1476 

8  Salt  rock    45  1521 
Slate    20  1541 

9  Salt  rock    27  1568 
White  lime    15  1583 

10  Salt  rock    20  1603 
Lime    20  1820 

SAGINAW    PLATE    GLASS    COMPANY. 

This  concern  has  put   down  7  wells   at  the   south  end  of    "W.   Saginaw. The  elevations  vary  but  slightly  being  about  600  A.  T.  They  lie  near  the 
S.  E,  cor.  of  sec.  33,  T.  12  N.,  R.  4  W.  The  following  is  a  record  from  sam- 

ples, mainly  from  No.  4,  with  references  to  corresponding  horizons  in  other 
wells. 

Pleistocene. 

Fine  sand,  Algonquin  beach  {h  m  m.)    5  5 

Plastic  red  clay   .'         20  25 Like  that  at  Paines,  lacustrine,  calcareous. 
Clay,  blue    53  78 

Bottom  6  feet  "putty."     All  calcareous. Gravel  witli  water    2  80 

Till  "hardpan "  with  coal    21  101 
ri06''ft.  in  No.  1. 

8  in.  casing  J  111  ft.  in  No    2 
L  122  ft.  in  No.  3. 
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Sagiruiw  Formation. 
Dark  shale,  Lower  Verne  coal  horizon?     "Bastard"      14  115 
Light  (fire  clay)  and  dark  shale       7  122 
Blue  shale      17  139 
Black  shale     15  154 
Coal,  large  Saginaw  seam?  or  Middle  Rider.     Water  Sp.  Gr.  1.000....     6  161 
White  shale,  with  black  impressions       4  165 

"Fire  clay." 
Dark  shale .     Saginaw  coal  horizon?       8  173 
Blue  shale  with  some  hard  seams       5  178 
White  and  brittle  blue  shale          i         178 J 

(probably  some  sediment) 
Dark  gray  shale      19^         198 
Very  dark  dirty  shale      13  211 

Coal  horizon?     Lower  Rider?     Water  Sp.  Gr.  1.005 
Dark  shale       9  220 
Gray  shale     79  299 

Water  at  280  Sp.  Gr.  1.005. 

Shale,  part  dark,  part  "fire  clay"  light       9  308 Lower  coal  horizon? 
Shales  with  nodules  or  bands  of  siderite     56  364 
Very  dark  shale,  coal  horizon?     Bangor  Rider      12  376 

Water  at  375  Sp.  Gr.  1.006. 
Blue  shale      19  395 
Micaceous  sandstone       9  404 
Very  dark  shale;  almost  coal     21  425 

Near  410-425  coal  horizon.     Bangor  coal? 
Dark  shale     49  474 

Water  at  476  Sp.  Gr.  1.016.     Much  gypsum. 
Parma  Conglomerate  and  Sandstone. 

Transition  sandstone,  fine  grained      22  498 
Sand  rock     23  521 
Conglomeritic  sandrock   59       14  535 

Two  samples  missing,  535-583.  I  think  they  were  Bayport  limestone. 
Top  beds  at  476  contained  some  petroleum  "gum"  inspissated  in 
a  cavity.  There  was  a  ten-inch  drop  of  the  tools.  The  base  samples 
are  full  of  split  white  quartz  pebbles.  In  No.  2  this  stratum  is  said 
to  come  at  520-555.  In  No.  7  this  stratum  is  said  to  come  at  485. 

Compare  at  E.  Saginaw  292.5-399;  Litchfield,  CarroUton,  302-411; 
Ketcham  weU  310-430;  Gallegher  345-482;  Sutherland  341-408. 

Bayport  or  Maxville  Limestone. 
top  at   535?   or  583 
Limestone     81  616 

Water  at  561  ft.  Sp.  Gr.  1.012. 
Note  that  the  water  was  fresher  than  at  the  top  of  the  Parma.     There 

was  propably  much  erosion  just  above  this,   and  the  division  be- 
tween it  and  the  Parma  is  irregular.     In  No.  2  it  is  from  555  to  625. 

Temperature  56°  at  630  ft.  by  thermometer  9109,  March  23,  1906. 
Michigan  Series. 

Black  and  dark  shale      35  651 

Gypsum     25  676 
Near  margin  of  this  basin  at  this  time?  Compare  No.  2  gypsiferous 

shales   to   717. 
Dolomite      12  688 

Alma  696. 
Blue  shale     58  746 

With  lime  and  gypsum  at  top,  sandy  735-743. 
Alma  905-945. 
Water  at  620  Sp.  Gr.  1.024. 

NoT;e    the    doubUng    of   the  salinity  on  striking  the  Michigan.     Cas- 
ing to  keep  out  the  gypsum  goes  to  698  feet.     This  .second  casing 

"^  to  cut  off  the  gjTDsum  somewhat  over  600  feet  deep  is  noticeable  in "^  all  the  wells. 
Gray  hmestone   ■       5  751 
Dark  sandy  shale       9  760 
Gray  limestone      14  774 16 
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Water  at  775  ft.  Sp.  Or.  1.120?;  more  salt,  less  gypsum. 
Blue  limestone     21  795 
Sandy  shale      14  809 

In  No.  7  3  ft.  of  red  shale  at  785  ft. 
Dolomite      U  820 

Base  in  No.  6  at  812  ft.     In  No.  7  at  822  ft.     In  No.  2  from  717  to  822  ft 
is  dolomitic  limestone. 

Upper  Marshall  (Napoleon)  Sandstone. 
In  No.  7  at  887,  in  No.  2  at  913.     Water  at  27°  .5  has  Sp.  G^.  C.  1.193.  78  898 
By  salometer  83°  to  94°. Lower  Marshall. 

Red  clav       2  900 
5  ft.  in  No.  7  to  892;  3  ft.  in  No.  6.  in  No.  1  at  906  ft.  In  No.  3,500  ft. 

West  there  is  said  to  be  more  lime  in  the  salt  rock. 

This  is  the  well  known  base  of  the  salt  (this  red  shale)  all  through 
the  district,  the  redness  tnaij  be  due  to  oxidation  by  the  sulphates  of  the 
original  brines,  the  sulphur  being  at  the  same  time  reduced  to  pyrite. 
the  brines  now  are  low  in  sulphates,  but  strong  in  ammonia.  The  fol- 

lowing is  the  analysis  of  F.  S.  Kedzie : 

MgSO^   7695 
CaCl,       45.0245 
MgCi;        17.2361 
MgBr^   3496 
NaCl      229.2549 
FeCOg   1537    (Sp.  test    .041   to    .061   Fe) 
NH.Cl   051 

Tests  by  E.  D.  Campbell  give  similar  figures,  except  SO4  as  CaSO^ 
is  but    .857,    SiOa  is    .026,   K.  is  0. 

No.  1  in  4-inch  casing  26-inch  stroke  gave  with  Si/o-inch  valve  15 
gallons  a  minute. 

Or  with  31/^  inch  cup  valve,  20  inch  stroke  18  gallons  a  minute.  Or 
162  barrels  in  21  hours. 

No.  3  with  25  strokes  3iA  inch  valve,  30  inch  stroke  yielded  16  gal- 
lons a  minute,  114  barrels  a  day  its  limit.  At  first  3  pails  (30  quarts; 

7I/2  gallons)  per  minute  was  the  limit;  after  dynamiting  it  rose  to  16 
gallons. 

Fifteen  years  ago  when  all  the  salt  wells  along  the  river  were  running 
there  was  only  155  feet  of  salt  water  in  the  holes,  and  a  11-second  well, 
i.  e.  one  which  filled  a  10  quart  pail  in  11  seconds,  i.  e.  13.6  gallons  a 
minute  was  a  very  good  well,  and  a  15-second  well  (4  pails  or  10  gallons  a 
minute)  a  good  well.  Xow  (1906)  the  head  has  risen  to  175  feet.  If 
all  pumping  was  stopped  it  would  in  time  run  over. 

SUCKER    CREEK    WELL. 

Log  of  Sucker  Creek  well,  Anderdon  Township.  Essex  county,  Ontario. 

About  4  miles  E.  of  Detroit  river,  E.  &  S.  E.  of  Ballard's  reef. 
60  Surface  soil  blue  clay  and  gravel. 

At  72  HjS  water  to  top  of  ground. 
200  Slightly  eff.  dol.     Angular  fragments. 
300  Same  light  buff. 
400  Fiercely  effervescent  li.,  sandy  looking.     Coral  reef?     Anderdon? 

410-440  White  cfuartz  sand.     Sylvania. 
600  Brown  and  buff.     Not  efferv^escent  or  slow. 

635  Brown  and  blue,  slow  effervescent  (667-683)  16-18  ft.  of  gj-psum. 
676  Brown  and  blue,  slow  effervescent.     Fresh  water  cased  off  at  683  ft. 
680  Brown  and  blue,  thin,  angular,  effervescent. 
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720         Brown  and  blue,  slow. 
760         Brown,   blue  and   white.     I   tliink  gypsum,   slow   eff. 
785         Brown,  slow  eff. 
890         Slow  or  no  eff. 

1025         Slow  or  no  eff.     A  good  deal  of  blue  shaly  material. 
At  1075-1080  trace  of  salt  sand  with  a  little  salt  water;  enougii  to  drill 

with 
1075-1125         Brown  dolomite.     At  1120  feet  more  water  which  rose  700  feet  in  hole 

and  could  be  bailed  down  only  to  between  300-400  feet. 

YPSILANTI. 

On  flat  of  Huron  Kiver,  below  town  on  Cromer  farm,  about  :?00  feet 
from  Old  Cornwall  well  near  Citv  Wgter  Works,  about  082  A.  T..  Lat. 
42°  14'. 

A.  H.  Marsh,  Contractor.  Banner  Oil  &  Gas  Co.,  and  Ypsilanti  De- 
velopment Co. 

Letters  A.  H.  Marsh,  ll-17-'04,  3-l-'05,  4  to  10,  '05. 
Clippings :  Grand  Rapids  Herald,  Sept.  1,  '04.  Detroit  Free  Press, 

8-30-'04,  ll-lG-'04.  Michigan  Investor,  3-26-'04.  Detroit  Journal,  10- 
8-'04,  10-25-'04.  Cleveland  Finance,  3-26-'04.  Ypsilanti  Press,  4-23-'04, 
10-31-'04,  10-4-'05.  Bellevue  Enterprise,  ll-9-'04.  Detroit  News  Tribune, 
ll-20-'04.     Detroit  News,  10-31-'06. 

In  Geological  Survey  Office,  samples  at  700'.  1,150',  1,200'. 
Pleistocene. 

Drift     90  90 

At  base  of  gravel  water  flows  with  T.  51°  2.     T.  49°  7  at  90  ft.  by  ther- 
mometer 9114.     10  ft.  drive  pipe  to  91  ft.     T.  51°  2  at  128  ft.  by thermometer  3022  C.  45  minutes  down. 

Devonian  Antrim. 

"White  shale"      51  141 
"Some  gas"  at  135  ft.;  bleached?     A  little  water,  no  smell. Black  shale   150  291 

Traverse. 
Limestone  shale      25  316 

With  a  flow  of  gas.     Hard  shells  at  300  ft.     T.  53°  5  F. Brown  shale   204  520 
This  Traverse  is  also  reported  as  50  limestone,  then  blue  shale,  then  black 

shale,  then  limestone,  then  black  shale,  and  the  change  to  Dundee 
at  525  ft.     At  520  ft.     T.  57°  2  F. 

Dundee. 
Limestone        160  680 

S.  at  600  tests  limestone  with  Sherzer.     Mineral  water  at  525  ft.,  530 
ft.  with  gas  HjS,  also  at  570  ft. 

Monroe. 
Dolomite     80  760 

S.  at  700  ft.  slow  effervescing  dolomite,  at  680  ft.  more  water  quite  salty 

with  some  gas  and  traces  of  oil,  e.  g.  at  ("730")  or  720  ft.,  at  which 
point  it  was  fruitles.sly  shot  with  nitroglycerine,  Nov.   16,   1904. 

At  710  ft.     T.  59.4°  F   440         1200? 
Sylvania. 

White  sandstone  "375  ft.  to  390  ft.  of  it  at  1150  ft. 
S.  1150  ft.  typical  Sylvania  sandstone,  white,  Dec.  17,  1904. 
S.   water   at   1175   feet. 
S.   1200  brownish  sandstone,  Feb.  9,   1905,  looks  like  the  samples  near 

the   bottom    of   the   Sylvania. 
Well  1210  ft.  deep.     Ypsilanti  Press,  Oct.  4,  1905. 
Has  it  been  deepened? 
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A. 

rage. 

Acadian        ;{3 

Acervularia    beds            71,  72 
Adams,    F.    D         2(5,  .30 
Adrian,   well  at      G3,  00,  72,   73 
Adventure    section       35 

Aeolian    deposits            65,  Gfi 
Ajibic    quartzite    29 
Alden,   W.    C   51 ,   54,   59,  90 
Algonac      58,  03,  72 
Alma,   section  at            80,  82 

well   record    at              73-75 
Allegheny    formation       89 
Allegan,  well  at      09.  70.  72,  73.  77.  79 
Alpena   Land   Tompany,    well   at   Grand   Lake   33,   03.   04.   07,   70,   93 
Altered    felsites       25 

Amherstburg  dolomite   08,   09,   93,    100 
Amphibolites            25,  29 
Analysis,    of    drillings      01,  91,  92 

Lake    Superior   sandstones       37 
of    water          93,   104 

Anderdon   formation   08.   09,   93,   100 
Animikie   20,   28,    30,    31 .    34.    44 

Ann  Arbor,  well  recoi-d  at      03,  05,  73,   74 
Anthracosia   or    Macrondon    carbonaria       87 

Anticlinal             25,  08 
Antrim   50,   00,    72,   73.   75.   77.   81 .   82.   94.   95.    105 
Apostle    Islands      32,   37,    46 
Arcadian    section        35 
Archaeozoic      ,         20,  28 
Archean   25,    20,   28,   42.   49 
Arenac   county,    well    records    in         100 
Argillites        25 
Arkoses       25 

Asaphus    barrandi        -1" 

platycephalus       ■!" 
Ashbed   group       35 
Assyria,    section    at       82 

well   record  at   69,   70,   72,   73,   79,  81 
Atlantic   mine      ,    33 
Au  Train  river       40 
Avicula    acosta       88 

Azoic  period      25.   20,   27,   28,   31 

B. 

Bad    River   formation       29 

Bangor   coal       89 

Bangor    Kider       89 

Banner   Oil   and    Gas   Company       If*"' 
Barren.   ,T..   cited      20,   46,  53 

Basement    conglomerate       32 
Basic   rocks       25 
Bass   Islands  Series       62 
Bay   City,  divisions  of  formation  at       71 

section      80,  82.  83 

well    record   at      69-75,  77 
Bayley,   W.    S.,   cited       40 
Bayport  formation   82.  83,  84,  85,  86,  103 



110  INDEX. 

Page. 

Beaver  formation       88 
Island       70 

Becraft  bed    69 

Bedford   formation      72,  73,   76 

Berea  Grit      45,  46,  73-77,  79,  82,  95 
Bell,  Robert,   cited       38 

Bell    shale       71,72 
Bellevue   limestones       80 
Benton  Harbor  water     ,    59 
Berkey,  C.  P.,  cited     40,  45,  46 
Berville       74 

Bessemer       .'    35  ' 
Bigsby,   J.   J.,   cited      •   25,  49,   53 
Bijiki    formation       30 

Birdseye   formation      47,  48,   93 
Birmingham,    Berea   at      r    74 

Black  Hand  formation      76.  78,  79 
Blackmar  well      75,  80 
Black  River  section   35,  36,  47,  48,   50 
Black    slates       25 
Black  Sunbury  formation       76 
Blissfleld        47 
Bohemia    conglomerate      ,    35 
Bohemian   range  group       35 
Bothrodendron    minutifolium    88 

Bridgman    well       59,  63 
British   terms  and   usage    53 

Britton,  well   at      56,  57,  58 
well   record      63-65,  70,  72 

Brooks,  T.  B.,  cited     25,  31,  40 
Bryozoa    beds       71 

Buena   Vista    formation       76,  77 
Burlington    formation       84 

C. 

Calamites  ramosus      88 

Calciferous  formation     39,  40-42,  44,  46-50 
Calciferous.  creek       40 
Calumet       36 
Calumet  &  Hecla  section       35 

Cambrian   27,    28,    30-34.    37,  46,    49 

Campment   d'Ours       39,  40 
Campbell,  C.  A.,   well  record  from    61,  92 

E.  D.,  analysis  by       104 

Campbell  Stone  Company,  well  record  of    91,  92 
Canfleld   &   Wheeler   well       60 

section   of       90 

Carmen   well      49,   52,  55,    58 
record   of       92 

Carboniferous      43,   46,   73,   75,   78,  79,  89 
Cardioearpon  cuyahoga       88 
Carp   river       29,  61 
Cascade  formation       25,  26 
Caseville      75 

Central    (Mine)    group    35 
Central   Paper  Company,  Muskegon,  well  record  of    78 
Chamberlin,  T.  C,  cited   26,  27,  45,  48,  49 
Chazy  formation      39,   40,   46,  47,   48,  50,   93 
Cheboygan  well     51,  52,  54,  57,  60,  63,  65 

record    of       96 

Chagrin    formation        72,  73 
Charlotte,   section   at      70,   72,  73,   77,  80-82 
Chemung  formation   72,  76,  79 
Chester   formation       84 
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Chlorite   schist       25,  1!9 
Chonetes   Scitulus  cf.   puicholla       7G 
Churchill   well       «5 
Cincinnati       50 

Cincinnatian        48,  51 

Cincinnati   anticlinal   58,   Gl,   63,   65-67,   T.i 
Cisco        41 

Clarke,   J.    M.,  cited   48,   53,  71,   73 
Clark   section       35 

Carkslnirg    formation       30 
Cleveland    formation       72,  73 
Clifif   section       35 

Climate,  changes  in   20.  27,  31,  44,  45,  47,  50-52,  62,  76,  83,  84.  86 
Clinton   33,   44,   52-56,   75,   93,  96,   101 
Clinton  Toint     32,  34.  46 
Coal    horizons       89 

Cochrane  Chemical  Company       37 
Coeymans  bed       69 
Columbiaville       75 

Coldwater   50,  69,  76-79,  80.  81,  83,  94,  95 
well  at       56 

Conemaugh  ?        89 
Cordaites   borassifolius       88 

Cooper.   W.   P   23,  71,   72,   77,  80,  81,  89,  94 
Copper   Falls    Conglomerate    33,  34 
Copper  Harbor  conglomerate      ,    36 
Copper  Range       38,  39 

Comiferous   ".   59,    67-70,    92,    100 
Corunna       86 
Cottrellville        63 

Courtright,   Ontario      58,  63,   72 
Credner.   H   25,  26.  29 
Cretaceous        44,  89 

Cummings,    E.   R   50,  52,  53 
Cuyahoga  shale      50,  76,   77 

D. 
Dana,   J.   D.,   cited       30,  31 
Davis,  W.   M.,  cited       26 
Delaware   limestone       72 
Depression   of   land   39,   43,   44,   47,    49,   54,   86,  88,   89 
Detroit,  Stroh  well  at      58 
Detroit    river       58 
Detroit   River  series       68,  69 

Devonian      46,   50,   60,   66-68,  70,  75,  79,  105 
Diamond   Crystal   Salt   Company   well       58 
Dikelocephalus        39 

misa    (?)        39 
Diorite       29 

Diplothmema        88 
Disconformity,    see    uneonfornJity    50 
Dodge,    J.    A    37 

Dolomite     30,  54,  55,   57-60,   62-66,   60,   70,  84,   92,  93,  97,   104,   105 
Dowagiac   55,   56,   59,   63.   70,   72,  73.   77 

Dundee   43,  47,  50,  51,  58-60,   63,  65,  68-72,  75,  76,  100.  101,   105 
Dundee,   well  at    .  .  .-   55,  56,   58 

E. 

Eagle   River   group      •  •  35,  36 
Early    Cambrian       44 

East   Lake    (see  Manistee)    "70 
East    Tawas       ''^ 
Ecorse,   wells  at       63,  97 
Eden    shale       49,  50 

17 
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Edison  Company   well       58,  61 

Elevation  of  land   43,  45,   46,  51,  55,  56,  60.  69,   7.3.   77.  80,  81,  83-85,  90 
Elliot,   C.  A.,   driller       94 
Ellipsoidal   greenstones       25 
Emergence    (sandstone),    (see   also   elevation)    45 
Empire  section       35 
England,   Marine  Devonian   in       33 

Eo-Devonian       67 
Eo-Huronian        28-30 
Eozoic     .    25-28 
Erian        71 

Erosion    (see  unconformity). 
Escanaba   river       47,  48 
Esopus    bed       69 

Farr,    A.    W    59 

Feldspar      34,  40,  55 
Fiborn  quarry       57 
Figure    2,  Geological    Column       24 

3,  Outcrops  near  Oronto  Bay  and  Wisconsin-Michigan  line    38 

4,  Interpretations  of  the   Section   from   Rapid   river  to   St.    Mary's  river.  ...  39 
6,   Section   of   Berea    Grit   and   Adjacent    Formations  from    Grand    Rapids   to 

Huron    county       75 
Fish      ,    88 
Flint   well       75 
Ford    well    61 
Formations       28 

Fort   Wayne,   Edison  well   at         58,  61 
Foster  &  Whitney     25,  26,  31,  40,  47,  69 
Freda      32,  33,  40 
Freda    sandstone           34,  38 
Frankfort   well      60,   63,  72 
Franklin    section       35 

I'rontenac    section       35 
Fucoides    ( ?)    duplex       39 

G. 

Galena      41,    48,  49 
Garden    Island       70 
Geikie,   A    53 
Genesee  formation      50,   72,  73 

Geological  Column,  Keewatin  to  St.   Peter,  Fig.  2    24 
Geological    Section   of  Michigan,   Part   1    21 

Part  II    43 

Geological    succession       23 

Georgian      •  •  •  •  33  • 
Gladstone    well       46 

<ineissoid    granite       25 
Goderich,  well  at     58,  64,  69,  93 

Gogebic  Range      *   29,   30.  34 
Goodrich       ,         44,  58 

Goodrich    quartzite      u    30 
Goose   Lake       29 

Geniophora    dubia       62 
Gore  Bay      49,   51,  53 
Goshen.   Ind.,    well  at       63 

Grabau,  A.   AV   23,   39.   40,  43.   46-51,   53,   57.  62,  63,   65-68.   70-73 
Grand  Haven,  Dr.  S.  Monroes  well  at    81 

section  at       82 
well    record    at            63,  78 

Grand  Lake     43,  64,  65,  69,  93 

Grand  Ledge,  record  of  Taber  well  at    94 
Grand   Marais    37 
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Grand   Kapids   formation       H4 

Grand  Rapids,  section  at   63,  69,  73-82,  85 
Grayling,   well  records  at            73,  74 
Great   Britain,  geological   column       31 
Great  Conglomerate      30,  31 ,  36 
Great   Copper   Harbor   Conglomerate    36 
Great   Keweenaw   fault       43 
Greenalite       30 

Green  Bay  shore,  wells  along      ;         40,  49 
Greenfield   dolomites       62 

Greenstone    group       '■^V> 
Greenstone  schist      2.5,   27,  28 
Greenville   limestone      27,    29,    44 

Guelph      53-60,  93,  101 
Gysander.    C.    R    37 

Gypsum      57.  59,  61.  69,  83,  84,  98,   105 

H. 

Hall,  James,  cited   47,  48,  50.  54,  69,  70 

Hamilton      63,    64.  67,   68.   70-73,   79,   92 

Harbor  Beach,    (Sand   Beach),   well   record   at   63,  73,   74,   '6 
Hardwood    I'oint,    Marshall    at    80 
Harrisville        75 
Hazel    Station       54 
Heim        45 

Helderberg             64,  68 
Hermansville    limestone            40,  42 
Herrick      ,   76,  78,  82 

Heteragium        88 
Hillsdale,  well  at      63,  69.  73 
Hobbs.    W.    II    41 
Hornblende        25 

Houghton.   Douglass      25.   26.   .30.   36,   38-40 
Houghton-Hancock    section       33 
Hubbard,   L.   L   35,   36.   78 
Hudson   river   shale            50,  93 

Hunt.   T.    Sterry,   cited         30,   67 
Huntington,    Ellsworth            26,  43 

Huronian       26.  29-31.  34.  36,  39,  41,  46 
Huron  county   section      80,  82,  83 
Huron    formation             72,  73 
Huron    mountains        34 I. 

Ionia       80 
Iron    Mountain       39 

Iron  ore  bearing  formation      25,  30.  38 

Irving      33-36,    38,    46 
Isle  Royale      32,  35,  37,  46 
Isle  Royale  section      ,    35 

J. 

Jackson,    C.    T    38 

Jackson,  section  at       82 

well  record  at      63,  70,  72-74 
Jacobsville      32,   38,   39 

Jaspilite             30,  31 
Jurassic        44 

K. 

Kanawha   Black   B'lint       88 
Kanawha   formation       88 

Kankakee    peninsula       72 
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Kalamazoo,  section  at      55 
well  record  at      5G,  59,  63,  70,  72,  73 

Kaskaskia   formation    (see    Bayport)    84 
Kedzie,    F.    S    104 

Keewatin      25,  26-30,   44 
Keweenaw  Point      34.   36.  43,  46,   49,   54 
Keweenaw  Range       31 

Keweenawan      26,   28,  30-38,  44,  46,  89 
Keokuk       84 

Killmaster      73,   75,   76 
Kinderhook  fades   78,  79,  83 
Kinderhook-St.    Louis       84 
Kona  dolomite            29,  44 
Kraus       63 

L. 

Lacustrine        90 

Lake  Hanbury  slates     30 
Lake  section       35 

Lake   Shore  traps           34,  36 

Lake  Superior  sandstone   31,  36-41,  45-47,  49 
synclinal        32 

Lake   Linden       37 

Lane,  A.   C   21,  43,   51 
Lansing,   section   at         80,  86 
Late    Silurian       44 

Laurentian      25,    26,   29 
Lawson,  A.  C,  cited    30 
Leith,    C.    K         29,  33 
Leperditia       62 
Lepidodendron  aculeatum       87 

clypeatum       88 
Lepidostrobus   variabilis       87 
Light   House   Point   conglomerate            76,  80 

Limestone   Mountain      39,   43,  49,   51,   54,   69 
Limestone    Point       46 

Lingula        88 
Lingula    shale       89 
Lingula  melie       76 

(carbonaria  or)   mytiloides      87 
Lingulepis  antiqua       39 

prima        39 

primiformis      '    39 
Little   Girl   Point       34 

Lockport      54,   56,   96,    101 
Logan      25,  30,   31,  39,  47 
Logan   formation      79,   83,   84 
Lorraine     44,  50,  51,  53,  73,  96 
Lower  coal       89 

Cambrian       30 
Devonian        44 

Grand   Rapids            83,  84 
Helderberg             59,  67 
Huronian       29 

Keweenawan      30,   32,34,   36,   37 
Laurentian             25,  29 

Magnesian  dolomite       40 

Marshall      ,   78-83,   104 
Monroe      57,   58,   62-66,   101,   102 
Ontarian       53 

Pennsylvanian        43 
Rider       89 
St.    Louis       84 
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Silurian        53 
See  also  Ordovlcian. 

Trenton        50 

Verne            88,  89 
Verne    Rider       89 

Lowville       ,    48 

Lucas  dolomite   68,  G9,  93,  100 
Ludington       90 

J.   S.   Stearns  well  at         59,  94 

well  records  at     G3,  70,  72-74,  78 

M. 
Mackinaw    city       53 

Schoharie,   near       70 
Maclure       25 

Madison  Oil  Co.,  well  near  Adrian    73 
Magnesian    dolomite        4G 
Mamainse,  reference  to  Keweenawan  at    35 
Mammoth   bones       90 

Manchester  Oil  Company,   well  record  of         94,  95 
Manchester,   well  record  at           73,  74 
Mandan  section       35 
Manistee,  Peters  well  at   59,  63,  70,  72,  73,  90 
Manitou   section       35 

Manitoulin   Island      49-51,   53,   54 
Manitoulin  limestone      53,  54,  56 
Maquoketa       50 

Marcellus      50,    70-72,    101 
Marcou,   J.,   cited       38 
Mareniscan             25.  26 

Marine  City      58,  63,   65-67,  69,   72 
Marinette            46,  48 

well  record  at      40 

Mariopteris  ?    muricata       88 

Marquette      25,   32,  37,  39 
Marquette  Monograph      26,  29,   30 
Marquette   series       29 
Marsh,   A.   H    105 

Marshall      43,   50,    77-79,   81-83 
Marshall   brine       87 
Mason,   section   at       86 
Mass   section       35 
Mastodon    bones       90 
Martin,    L    33 

Marvine's    conglomerate       35 
Maxville  formation      82,  84,  85,   103 

Marysville    (see   also    Bayport)        63,  72 
Maysville       50 

Medina     50-56.  93.  96,  101 

Menominee-Crystal    Palls   region       29 
Menominee   range       30 
Menominee  Special  Folio  and  Monograph    40 
Mercer    limestone            88,  89 

Mesabi   Range       89 
Mesnard   formation            29,  30 
Mesozoic        89 

Michigan   Series      78,   83,   84,   103 
Michigamme    slate       30 
Middle  Cambrian       32 

Devonian             44,  66 
Kaskaskia       84 

Monroe      65,   67,   100 
Ontarian       59 

Ordovlcian      46.  47.  50 
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Rider       89 
Midland,   section   at    83 

Milan,    well   at   56-58,  64,  65 
Milwaukee   formation       59,  64 
Minnesota    reports       37 

Minnesota    Survey       30,  57 

Mio-Huronian        28-30 
Mississippian   formation       86 
Mississippi  Valley  Cambrian       31 

rocks        43 
Mohawkian        47-49 
Mona  series       25 

Monroe   47,   50.   52,   56,   57,   59-61,   63-63,   69,   70,  79,   92-94,   97,   105 
Monroe,   well   at      55,  56,  58 
Montreal  river      34,  36,  38- 
Morrice   well       75- 
Morton  Salt  Company  well       61 

well   record      64,   65,   97-99' 

Mt  Clemens   63,  65,  69" 
Mt.    Mesnard       29 

Pelee        47 

Pleasant,   section   at    83,  84 
Mud  Lake       50' 
Munising    sandstone      ,    39,  41 
Murray,  A.,   cited    39 

Muskegon       59- 
well  record  at      63,  69,  73,  78,  79 

N. Nashvillean       48 

Napoleon  formation      78-80,   104 
Naples  goniatite  fauna       71,  73 
Nautiloid       88 

Neebish    Rapids       40 
well      39,  47,   49 

Neff,   A.    B    41 

Negaunee   formation      _    29,  30 

Neo-Huronian       '.    28.30 
Neuropteris    (near  desorii)    fiexuosa       87 

New  Baltimore   well,   strata  in   63,    65-69,   72 
New  Richmond  sandstone      42 
New  Scotland  beds      69 

New  York  Helderberg       69 
Salina        58,  60 
Trenton        49 

Newberry,  J.   S.,  cited    40,  50 
Newburg,    well   at       55,  61 

Niagara,   49-51,   53,   54,  57-60,   64,   71,  69,  93,   101 
Niagaran   43.   44,  53,   54 
Niles,  well  at      56.  59,  63,  70 
Nipigon       30 
Nogard   well   Monroe  county       50,  56 
Nonesuch   formation       36,  37 

shale   ,   ,   33,  36,   37 
Nucula    ventricosa       88 

O. 
Oneota  dolomite       42 

Ohio    50 
Oil    wells       49 
Old  red  sandstone    33 

Onondaga       69,  92 
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Ontaiian       4;i,  "i.T 
Orangeville    formation       7C 
Orbieiiloidea    ( Discina )       88 

newberryi        7t> 

Ordovician      43,    47-40,  ."»1 ,   .53 
Oriskany      67-70,   100 
Oronto  Bay,   map  of       38 
Oronto  river      34 

Oronto   valley       33 
Orthoceras  fauna       47 

Oscoda       7."> 
Osage       84 
Osseo,   well  at       G3.  73 
Owosso   well       80,  80 
Outer   conglomerate       31,  30 
Overlap    (see  depression). 
Ozarklan  ?    44 P. 

Paint    rock       29 
Paleoneilo    fauna       83 
Paleozoic  series   23.  28.  so 
Palladium    37 
Palmer  gneiss       20 
Palms        44 
Parma  formation      84,  80,  87.   103 
Paul,   Gofif.   driller    100 
Peanut  conglomerate       79 
Pecopteris  dentata       88 
Pennsylvanian   formation            80,  89 

Penokee-Gogebic    range       30 
Permian            33.  89 
Permo    Carboniferous            44.  80 

Petoskey   limestone           71.  72 
Petrolia,    Ontario       50 

Carmen  well  at      49,   52,  55,  58,  70.  92 
Phoenix   Mine   group       35 

Pickford      43.  47,  49-51,  54 
Platteville        48 

Pleistocene      90,  94,  96,   97,   102,   105 
Pleurophora   oblongus       88 
Pleurotomaria   laurentia    (?)       39 
Plutonic   group       25 
Point  Aux  Barques  sandstone    80 

Houghton        37 
Pontiac.  well  at        73,  74 
Porcupines    36 
Portage  formation      72,   73.   76 
Portage  Lake     33.  35.  36 

redstone            37,  39 
Port  Arthur       30 

Austin   sandstone       80 
Ewen  bed       69 

Huron      63,    Q5,    66.   68 
Huron  Salt  Company  well      69,  70.  72 
Lambton   58,   63,   65,   72 
Rowan,   Canada            52,  55 

well   i-ecord   at          70.   1 00 
Potsdam      30,  32.  38,  39.  46 
Pottsvllle   43.  86,   87 

Pre  Cambrian      26-28,  31,  32,  39.  42,  43 
Ordovician             21.  24 
Trenton        23 
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Primordial       31 
Productus    Prattenanus       88 

muricatus       88 

Prosser,  C.  S    50,  72 
Proterozoic       26-28 
Pseudopecopteris   cf.   avoldensis       88 
P.    Sphenopteris    (Palmatopteris?)        88 
Ptychaspis       39 

Pumpelly,   R   25,   31,  35,   40 
Putin-Bay    dolomite       62,  63 

Q. 

Quaternary           44,  100 
Quinton,   R    27 

R. 

Rabbit  Back  Point,    well   record    61 

Raccoon   shales      76-79,    81-83 
River  Rouge,  well  record       64 
River  Raisin  dolomite            62.  63 
Randville  dolomite      29 
Rapid  River.  St.  Peter  sandstone  at    47 

well  record  of  A.  E.  Xeff  at    41 
Reese   coal  ?       89 
Republic  formation       29 
Rex   quarry       57 

Richmond  formation      50-52,  55,  56,  73 
Richmondville,    sandstone   at       77 
Riga,   well  at       56 

Rochester  shale      53-56,  96,  101 

Rominger,  C   25,  29,  36,  40,  46-48,  50,  54.  61,  63,  70,  78,  91 
Romeo    74 
Romulus,   well   at      57,   58,   61 

well   record      64,   101,   102 
Royal  Oak,  well  record  at   58,  63,  65,  72 
Russell,  I.  C,  surface  geology      91 

S. 

Saginaw    coal       89 
Saginaw  formation     87,  88,  103 
Saginaw  Plate  Glass  Company,  well  record  of   83,  86.  87,  102,  103 

St.   Clair   63,   65-69,   72 
St.   Croix  sandstone       32 

St.    Ignace,   section   at            57,  63 
St.   Johns       80 

St.  Joseph,  water  and  well      59,  63,  73 
St.   Joseph   Island            47,  49 

St.    Joseph-Trenton    limestone       53 
St.   Martins  Bay       61 

St.   Mary's  epidote       35 
river     39,  47,  49 

St.   Peter  sandstone      39-41,  43-48 
Salina  formation      56-59,  61.  62,   67,  68,  75,  79,  92,  98,   102 
Salisbury,  R.  D   26,  27,  49 

Salt      61-65,  75,  92,  93,  99 
Salt    shaft    (Detroit)    68 
Sandstone   analyses       37 

See    also    names    of    sandstone    formations    such    as    Freda,    Lake    Superior,    St. 
Peter,   Sylvania,   Berea,   Marshall.   Parma. 

Sault  Ste.  Marie  sandstone           32,  38 
Saxon,   Wis    33 
Salzburg  coal       89 

Rider        89 



INDEX.  119 
I'agt'. 

Schists       25 

Scoharle            69,  70 
Scoharle  Valley       72 
Schuchert,  C   48,   53,   70-73 
Scott,    W.   B    26 

Seaman,   A.    E   21,   23,   43 
Sediments,   climatic  effect   on   25,   2G,   45,   51 
Senecan  formation           72,  73 
Serieite  schists       25 
Shakopee  dolomite       42 
Shale   analysis       37 
Sharpless,    F.    F    37 
Sharpvllle    formation        76 

Sherzer,  W.  H   43,  62,  63,  65,  60 
Slamo  slate            26,  30 
Silurian      30,   53.   57,   66-C9,  93,   97 

(See  also  Ontarian  1 
Smyth,   H.   L    34 

South  Bend,   Indiana,   formations  beneath   .'".().   51,   55,   56,   63 
South   Roekwood       55 
Southworth,   W.   D    94 
Sphenophyllum   cunelfolium       87 

emarginatum        87 
St)henopterls    (Crossotheca)       88 

Squler's  well,   record  of       78 
Standish   well       75 

Strasburg  well    .  :   43.   47,  50-52.  55.  5G,  58,  61 
Stigmaria   verrucosa       88 

Stockton    coal            88,  89 
Stromatopora        71 
Strong,  E.  A    85 
Sturgeon  Bay,   section  at       54 

Sucker  Creek  well,   record  of      104,  105 
Suess,   K.,   cited       45 
Sunbury  shale             74-77 

Sylvania   sandstone   57,   63,   65-69.   73,  93,   97,   100.    102,   105 
Synclinal,   near   Marquette       25 T. 

Tamarack    shafts            35,  36 
Tertiary    formation             44,  89 
Toledo,  well  at   .52.  55,  63 
Torch   Lake  section       35 
Transgressions,    see  depression. 

Traverse  formation   59,  60.  63-65.  68.  70-72,   75,   Tt;.  8'4,  92.  94.  95,  105 
Trenton,  record  at            58,  63 

Trenton-Utica   formation      39.    40.    44.    46-54 
Trepospira  sphaerulata       88 

Trlassic   31,   38,  44 

Tuffs      '    25 
Tyler  slate      30 
Tymochtee  beds       62 

U. 
^- li'ich      44.  4;i.   .51-.53,  73 
Ulsterian       69 

Unconformity   (erosion)   25.  29,  30-32.  36.  89.  42,  53.  59,  61,  64-69,  79,  86 
Unlonville    coal        89 

U.   S.   Geological   Survey      25.   26,   29.   34,  45 
Upper  Augusta       84 

Coldwater            78,  79 
Devonian                      44,  73 

'  Grand  Rapids       84 18 
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Heidelberg             66,  69 
Keweenawau      32-34.    36.    40 
Marshall      79,   81,   83,   104 
Medina       51 
Mississippian        44 

Monroe    58,  60,  63,  65,  67,  101 
Monroe-Detroit  Biver   series       67 
OrdoTician             44,  50 
Ontarian       .7O 
Pottsville               87-89 
Rider       89 
St.  Louis    84 
Silurian        .53 
Verne            87.  89 

Uralite  diabase    29 

Utica  shale     47-51,  53,  73,  93.  96 
rtlea,  town  of.  Berea.  etc.,  at    74 

V. 

Vallej'    Center       73 
Van   Hise,   C.   R   25-27,  29 
Vermilion   Range       25 
Victoria    section       35 
Volcanic  ash       25 

tuff        25 

W. 

Wadsworth,  M.  E   25,  26,  29 
Wagner  well.  Sec.  8  T.  39  X.  R.  31  W           48-51 
Wallaceburg,   Ontario      58,   61,  65,   72 
Walther,   J.,   cited       26 
Water    analysis         93,  104 
Waubakee  formation      59,   63,  64 
Waverly          50,   76.   78 
Waverly  sandstone  quarries,  Holland       81 
Weidman,   S.,   cited       32 
Well    records            91-105 
Wewe  slates       29 

White   Pigeon,   well  at       73 

White,   David      '         87,  88 
Whitfleldella    prosseri       62 
Williams,    H.    S   ,    67 
Willis,    Bailey,    cited       26 
Winchell.  A.,  cited   25,   40,  50.   51.  54,   70.   77,  79.  81,  82.  84,  89 

X.    II.,   cited       23 
Winona    section       35 

Wisconsin   reports   cited    .  .            37,  72 
Wisconsin,  Trenton   of       48 
Woodville   sandstone       89 
Woolmith    dolomite       62 

Wyandotte   47,    55-58,    63 

Y. 

Ypsilanti  Development  ('omijany,   well   record  at   63,  65,  72,   105 

Z. 

Zug  Island,   South  Detroit,  well  record  at    58 

Numerous  li.sts  of  towns  with  wells  will  be  found  on  pages  63.  66,  70.  72-73,  77. 







.iorary  B r  ONLY 




